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INTRODUCTION 
CHAPTER - 1 
INTRODUCTION 
With the advent of new farm technologies, release of 
high yielding varieties, improved facilities for irrigation and 
adequate input of fertilisers, India has achieved self-sufficiency 
in staple food production through the so called 'Green Revolution* 
in the recent past. It is heartening to note that India maintains 
a large buffer stock of food grains to feed its ever-increasing 
population. However, the impact of the revolution remained 
confined only to cereals, eclipsing the production of other 
equally important crops, particularly oilseeds. The situation 
imevitably brought unusual escalation in edible oil prices. Only 
five per cent affluent section of the population procures 
adequate quantity of edible oil in its diet and accounts for 
about 40 per cent consumption of the total edible oil produced 
in the country. Consequently, average Indian diet became poor 
in calories, resulting in the perpetual problem of malnutrition 
in the major section of the population. 
Therefore, it is pressing need to enrich Indian diet with 
adequate quantity of edible oil to combat the situation as it 
is the chief source of both fats and proteins. F^tty acids 
provide 2.5 times more calories than carbohydrates and also act 
as a transport medium for vitamins. Moreover, vegetable oils 
are very commonly used as a cooking medium throughout the country. 
Besides, a number of indus t r i es l ike those of cosmetics, ha i r 
o i l s , l ub r i can t s , pa in t s and varnishes bank heavily upon 
steady supply of vegetable o i l s . l a s t l y , o i lcakes , a by product 
l e f t a f t e r the ex t rac t ion of o i l , are used as manure and c a t t l e 
feed. 
India has been a major producer of o i l seeds and was 
se l f - su f f i c i en t in t h i s commodity t i l l mid s i x t i e s . Thereafter, 
the oilseed production fa i led to keep pace with population 
explos ion , resu l t ing in a big gap between production and consump-
t i o n . For example in 1987-88 the t o t a l oi lseed production was 
only 12.5 mil l ion tonnes against the demand of about 26.5 mil l ion 
tonnes . Therefore, the Government was compelled t o import a 
huge quantity^ of edible o i l to bridge t h i s gap. In 1987 edible 
o i l imports soared t o a peak of Rs. 1,000 crore , making i t the 
second la rges t import item next to petroleum only (Anonymous, 
1989). I t i s , without doubt, a heavy burden on country 's already 
dwindling foreign exchange r e se rve . 
The 'edible o i l c r i s i s ' i s the r e s u l t of the mishandling 
of the s i tua t ion by the Government as well as by the farmers. 
The oilseed sector has been remained a neglected area of a g r i c u l -
ture and for t ha t India has the dubious d i s t i nc t i on of having 
the lowest average y i e l d . With barely three mil l ions of the 
18 mil l ion hectare land of under cu l t iva t ion o i l seed crops 
receiving assured i r r i g a t i o n , o i l production f luc tua t s according 
to the vagar ies of the monsoon (Anonymous, 1989). Moreover, i t 
i s a high r i s k crop constantly under a t t ack from pes t s and weeds. 
Besides, oilseed crops are generally cultivated on marginal 
land or as intercrop with constraints on fertilisers and 
irrigation, resulting in the stagnation of oilseed production 
for the last three decades. The average yield of oilseeds in 
India is only 736 kg/ha as against 1615.38 kg/ha in Nigeria, 
1474,58 kg/ha in the United States, 1153.49 kg in Argentina 
and 1148.55 kg in China (Anonymous, 1983). 
But now the scenario is begining to change rapidly due 
to some determined planning by the Government. Ptecently the 
Government has chalked out a multipronged strategy to increase 
the indigenous production and to curb the heavy import of oil-
seeds. The efforts of the Government have brought a mini 
revolution in this neglected area. Total oilseed production is 
likely to touch a peak of 15.5 million tonnes this year; way 
ahead of its previous best of 12.9 million tonnes in 1984-85. 
With oilseed production booming, import has also been slashed 
by half to Rs. 500 crore (Anonymous, 1989). The principle 
objective of the Government's new scheme is to increase the 
yield upto 30 per cent by introducing better seeds, ensuring 
judicious supply of fertilisers and pesticides and stepping up 
irrigation facilities. 
However, the mission of self sufficiency in oilseed 
production is far from complete and still remains a distant goal, 
To cope with the situation, high yielding varieties should be 
evolved and adopted. Keeping in line, the Indian Council of 
Agriculture Research, which is coordinating the oilseed research 
programme, has come out with 40 new high yielding v a r i e t i e s . 
However, to exp lo i t t h e i r fu l l genet ic po t en t i a l for a 
p a r t i c u l a r agro-cl imate , the precise package of farm p rac t i ce s 
including f e r t i l i s e r input should be worked out (Milliken, 1961; 
Langer, 1966). 
The major edible o i l -y ie ld ing crops of India are groundnut, 
rapseed mustard, soybean, sunflower, safflower, sesamum and 
l inseed . Groundnut accounts for nearly f i f t y per cent of the 
t o t a l oilseed production, whereas mustard production i s about 
3.8 mil l ion tonnes which i s nearly 25 per cent of the t o t a l 
oi lseed production and occupies about one-fif th area of the 
cu l t iva ted land under oi lseed crops in the co\antry. Mustard i s 
a very popular oi lseed crop among the farmers of Uttar Pradesh. 
Therefore, i t becomes imperative for researchers working in t h i s 
f i e ld to give due a t t e n t i o n t o t h i s crop. 
As a matter of fac t , high yie lding v a r i e t i e s of a l l crops 
comparatively consume la rger amount of f e r t i l i s e r s (Flaig, 1978). 
I ron ica l ly , about 50-60 per cent of the so i l -app l ied f e r t i l i s e r 
i s not avai lable to p lan t s due to several processes l ike leaching, 
f ixa t ion , decomposition,Qtc. (Russell , 1950). To save the loss 
of so i l -appl ied f e r t i l i s e r s , other supplementry methods l ike 
top-dressing and f o l i a r appl ica t ion are general ly adopted and 
have been proved very e f f i c i en t and economical (Boynton, 1954j 
Wittwer and Bukovac, 1969j De, 1971; Afridi and Wasiuddin, 1979; 
Afr idi , 1983). A good deal of work in t h i s regard has a l so been 
done a t Aligarh, by Afr idi , Samiullah and t h e i r a s soc ia tes on 
various crops including a number of varieties of mustard. These 
studies, however, have generally given much emphasis on nitrogen 
and phosphorus requirement of mustard, ignoring the role of 
potassium and sulphur which are shown in recent past to be often 
limiting nutrients in Indian soils (Goswami et al., 1972; 
Takkar, 1988). Moreover, sulphur has been shown to play pivotal 
role in the synthesis of oil while potassium works efficiently 
in augmenting the crop performance in adverse conditions 
(ildward, 1981; Mengel and Kirkby, 1982; Marschner, 1986). 
Keeping these facts in view, five field experiments will 
be performed with the following objectives: 
1. To find out the best source of sulphur for newly released 
mustard varieties 
2. To work out the potassium requirement of the newly released 
mustard varieties 
3. To investigate the individual and combined effect of sulphur 
and potassium on growth, yield and quality of best performing 
mustard variety in Experiments 1 and 2 
4. To investigate the individual and combined effect of 
nitrogen and phosphorus on growth, yield and quality of the 
best performing mustard variety in iixperiments 1 and 2 
5. To work out the stage and mode of application of supplemental 
sulphur for optimum perfonnance of mustard variety tested 
best in iixperiments 1 and 2 
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CHAPTER - 2 
REVIEW OF LITERATURE 
Z»Q Ijior^nlc Plant Nutr i t ion 
2.1 His to r ica l 
Mineral Nutr i t ion i s general ly referred t o the 
metabolism of inorganic ions taken from the s o i l for proper 
growth and development of p l a n t s . These inorganic ions, 
derived mostly ff"om mineral cons t i tuen ts of the s o i l , are 
termed as mineral nu t r i en t s (Noggle and F r i t z , 1986). Soil 
nu t r i en t deplet ion resu l t ing from over-cropping, leaching, 
d e n i t r i f i c a t i o n , f ixa t ion , v o l a t i l i s a t i o n , e t c . i s general ly 
remedied by adding inorganic nu t r i en t s for idea l crop produc-
t i v i t y . However, the benef ic ia l ef fec t of adding minerals in 
the form of plant ash, plant debr i s , bone meal, compost and lime 
t o improve plant growth i s supposed to be as old as agr icu l tu re 
i t s e l f . 
History of mineral n u t r i t i o n of p lan t s dates back to 
Greek period when Ar i s to t le (b 384 B.C.-d 322 B.C.) recognised 
the n u t r i t i v e function, separating the l iv ing from dead. 
Later, Cato (b 234 B.C. - d 149 B.C.) , one of the e a r l i e s t 
Roman a g r i c u l t u r i s t s , in his p r a c t i c a l hand-book for ag r i cu l tu re 
recommended conservation of manure for intensive cu l t i va t ion 
(Bould, 1963). Columella in about 45 A.D, emphasised the use of 
ashes and lime to make the soil more productive (Donahue et al., 
1987). Crescentius in about 1240 A.D, collected the work of 
Romans on art of agriculture and condensed that into one 
volume, which was considered to he the best book on agriculture 
for several generations (Russell,1950). A new era in agricul-
tural research ushered in the early seventeenth century. Van 
Helmont (b.1577~d,l644) after his famous willow tree experiment, 
concluded that water was the 'principle' of vegetation. Robert 
Boyle repeated the experiment with 'squash' and obtained 
similar results. Glauber in I656 emphasised the importance of 
saltpeter, obtained from cattle manure, in stimulating the 
plant growth. John Woodward in 1699 applied water from different 
sources to mentha and found that growth was due to a 'certain 
peculiar terrestrial matter', Jethro Tull in 1731 stressed 
that nitre, water, air, fire and earth all contributed to 
increase plant growth. Francis Home in 1757 claimed that epsom 
salt (magnesium sulphate), saltpeter (sodium and potassium 
nitrates), vitriolated tartar (potassium sulphate), and olive 
oil all increased plant growth. 
The modern scientific research in plant nutrition, 
however, began with the commendable work of de Saussure in 1804, 
who laid stress on the role of soil in plant growth and opined 
that some of the minerals found in the soil possibly have a 
role in the growth and development of plants. Similar views 
were expressed by Liebig in 1840. Moreover, he further added 
that deficiency or absence of any one necessary mineral, all 
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others being present , rendered the s o i l barren for crop growth. 
Subsequent workers l ike Sprengel in 1839, Lawes in 1851, 
Boussingault in 1886, arr ived a t s i ia i lar conclusions regarding 
p lan t composition and growth as being affected by s o i l nu t r i en t 
s t a tus (Bould, 1963). Sachs in 1860 and Khop in 1861 developed 
a new technique of supplying the balanced n u t r i t i o n to p l a n t s , 
now referred t o as 'Water or Solution C u l t u r e ' . By using t h i s 
technique they were able t o demonstrate the importance of ten 
elements,namely carbon, hydrogen, oxygen, n i t rogen, phosphorus, 
potassiuim, calcium, sulphur, magnesium and i ron , for proper 
p lan t growth. Later, six more elements, namely boron, ch lor ine , 
copper, magnesium, molybdenum and zinc were added t o the 
previous l i s t by other workers. Bversince the begining of 
the present century, p lant phys io logis ts have diverted t h e i r 
a t t en t ion towards so i l solut ion and ion-exchange of the mineral 
elements, as well as to micro-nu t r ian t s . 
I t i s now a well es tabl ished fact t ha t ce r t a in mineral 
elements are necessary for the normal growth of p l an t s ; being 
e s s e n t i a l for the generation of energy, physical organisat ion 
of p lan ts and regula t ion of metabolic processes (Nason and 
Mcjilroy, 1963)• These e s s e n t i a l mineral elements must be 
present in forms eas i ly usable by p lan t s and in concentrat ions 
optimum for plant growth. Furthermore, there must be a proper 
balance among the concentrations of var ious soluble mineral 
elements in the s o i l . Therefore, balanced n u t r i t i o n through 
f e r t i l i s a t i o n i s the main objective of a p lan t n u t r i t i o n i s t in 
order to get maximxim yield from the crop. Among various plant 
nutrients, nitrogen, phosphorus and potassiiom are considered 
to be of prime importance because of their higher removal by-
crops. Therefore, a balanced dose of N, P and K gives much 
better results than their unbalanced supply. Besides, sulphur 
is also equally important essential nutrient, particularly 
for oil and legume crops. Sulphur deficiency in Indian soils 
has been increasing since the adoption of new agricultural 
technology (Takkar, 1988). 
2,2 Role of nitrogen.Phosphorus.potassium and sulphur in plant 
metaboljLsm 
2.2,1 Nitrogen 
Nitrogen constitutes about 80 per cent of the atmosphere. 
It is said that plant world is virtually submerged in a sea 
of nitrogen. As far as plant composition is concerned, nitrogen 
is the fourth most abundant element following carbon, hydrogen 
and oxygen. Its concentration in plants on dry weight basis 
is approximately 1-3 per cent (Salisbury and Ross, 1986). 
Nitrogen is absorbed from soil in two major ionic forms, namely 
nitrate (NO3) and ammonium (NHJ). It is a constituent of all 
proteins and, therefore, a major part of protoplasm. Nitrogen 
is an integral part of many metabolically active compounds 
like amino acids, co-enzymes, purines, pyrimidines, porphyrins, 
alkaloids and some growth hormones (Devlin and Witham, 1986; 
Salisbury and Ross, 1986). Of these, purines and pyrimidines 
are the basic units of nucleic acids which in turn are 
essential for protein and enzyme synthesis. The porphyrins 
are basic constituents of chlorophylls and cytochromes. Nitrogen, 
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t hus , takes p a r t in almost every physiological a c t i v i t y of 
p l a n t s . Moreover, ni trogen appl ica t ion a f fec t s the leve l of 
a number of phytohormones l ike cytokinin and absc i s ic acid in 
p a r t i c u l a r . Nitrogen deficiency increases absc i s ic acid l eve l 
in leaves (Goldbach e t aJL., 1975), roots and exudates (Krauss, 
1978). However, the ef fect of ni t rogen on cytokinins i s 
reverse to t h a t on absc i s ic a c i d . The importance of these 
phytohormones in c e l l metabolism e , g , pro te in synthes is , 
stomatal regula t ion and developmental processes l ike flower 
i n i t i a t i o n , senescence e t c , further emphasises the specif ic 
role of ni trogen in r e l a t i o n to hormonal a c t i v i t y (Marschner, 
1983). 
Nitrogen deficiency in p lan t s causes yellowing of 
leaves due to decrease in chlorophyll content . In Brassica, 
pigments other than chlorophyll appear in the mesophyll areas 
of upper surfaces of def ic ient leaves , while in ce rea les , 
def ic ient leaves become more e rec t than normal leaves , thereby 
resu l t ing in reduced t i l l e r i n g capacity (Hewitt, 1963; 
Bidwell, 1979). The nitrogen deficiency r e s u l t s in stunted 
growth, decreases yield and qual i ty of f r u i t s , vegetables and 
g r a i n s . Moreover, low nitrogen supply a l so depresses the ra t e 
and extent of pro te in synthesis (Agarwala and Sharma, 1976). 
2 .2 .2 Phosphorus 
I t has been reported by Bould (1963) t h a t most surface 
so i l s contain 0,022 to 0,083 per cent phosphorus. I t i s 
absorbed by p lan t s as monovalent (H2P0r) or d iva lent (HP04~) 
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anions from the s o i l (Epstein, 1978). Phosphorus i s the second 
key p lant n u t r i e n t . I t i s an e s s e n t i a l pa r t of severa l 
important metaboli tes such as nucleic ac ids , nucleo-prote ins , 
sugar phosphates, co-enzymes, phytin and phospholipids 
(Gauch, 1972; Devlin and Witham, 1986; Salisbury and Ross, 1986; 
Donahue e t al^., 1987). Nucleo-proteins control c e l l d iv is ion 
and growth; nucleic acids form genes which carry information 
for inher i ted c h a r a c t e r i s t i c s ; phospholipids are i n t eg ra l 
cons t i tuent of c e l l membrane while phytin ac t s as a rese rvo i r 
of inorganic phosphorus during the germination process . Being 
a const i tuent of co-enzymes including ADP, ATP, NAD, NADP, FAD 
and TPP, phosphorus takes pa r t in almost a l l the metabolic 
a c t i v i t i e s of p lan t s (Devlin and Witham, 1986; Salisbury and 
Ross, 1986). I t plays a key role in the t r ans fe r of energy 
in r e sp i r a t i on , photosynthesis and other metabolisms. In fac t , 
' i t i s involved p r a c t i c a l l y in every synthet ic reac t ion of the 
ce l l* (Ifewitt, 1963). 
Phosphorus in i t s many forms, s t imulates c e l l d iv is ion 
and root growth which can feed the p lant more e f f i c i e n t l y . I t 
hastens maturity and helps in ripening of f r u i t s and seeds. 
For animals and people eating the p l an t s , phosphorus i s c r i t i c a l 
for growth of bones and t ee th (Donahue et^ a l . , 1987). 
The deficiency symptoms of phosphorus are more or l e s s 
s imi la r to t ha t of ni trogen such as acute leaf angles , lack of 
t i l l e r i n g , prolonged dormancy of l a t e r a l buds, premature leaf 
f a l l , decrease in size and number of flower primordia, delay 
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in flowering and small f r u i t s or seeds (Hewitt, 1963). The 
phosphorus deficiency r e s u l t s in an abnormal increase in sugar 
content because of i t s non -u t i l i s a t i on in pro te in synthesis 
which i s d r a s t i c a l l y reduced (Russell , 1950; Bould, 1963; 
Jfewitt, 1963J Devlin and Witham, 1986). Normal opening of 
stomata i s adversely affected by phosphorus deficiency, 
resu l t ing in increased leaf temperature during sunshine 
(Wallace, 1961). 
2 . 2 . 3 Potassium 
Potassium, the third key nutrient element, is absorbed 
by plants in larger amount than any other mineral element except 
nitrogen and perhaps calcium in some plants, ilixchangeable and 
water soluble forms of potassium are easily available to plants 
while non-exchangeable form acts as a reserve, Lithosphere 
contains 2.39 per cent potassium (Bould, 1963). Potassium, 
thoxjgh abundantly present in soluble form in cytoplasm and 
vacuolar sap in all plants, occurs only as a mobile soluble 
ion (K*") rather than as an integral part of any specific 
compound. It is known to involve in a large ntunber of 
metabolic activities. Its role in plant metabolism is partly 
biophysical in maintaining turgor pressure of the cell through 
osmoregulation and ionic flux and partly biochemical, being 
an activator for about 50 enzjnaes (Nason and McSlroy, 1963; 
Evans and Sorger, 1966; Mengel and Kirkby, 1982). It has been 
reported that potassium is required for the coupling of certain 
amino acids into peptides (Webster, 1953). 
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Potassium is also known to involve in binding of tRNA 
to ribosomes during protein synthesis (Evans and Wildes, 1971; 
^^jn. Jones et^al«» 1979)« An increased potassium content is 
found to increase the rates of photosynthesis^ photorespiration 
and RuBP carboxylase activity but a decrease in dark respira-
tion (Marschner, 1986). However, potassixom deficiency results 
in enhanced respiration rate (Bottrill et al_,, 1970). Potassium 
has also been found necessary for translocation of solutes 
from source to sink such as from leaves to tuber in potato 
(meder et al., 1973) or to stalk of sugarcane (Hartt, 1969). 
It also helps in opening and closing of stomata (Humble and 
Hsiao, 1970). In addition, 'water-use efficiency' of plant may 
be enhanced by potassium application; thereby coijaiteracting 
the ill effects of water stress and drought conditions (Brag, 
1972; Beringer and Trolldenier, 1978). Moreover, potassium 
increases the resistance of plant to various diseases and 
pests as well as resistance of grasses to lodging (Evans and 
Sorger, 1966). 
The deficiency of potassium results in decrease of 
apical dominance and, therefore, developing a bushy or rosette 
habit in plants like cereals, vegetable crops etc. (Hewitt, 
1963). Other important deficiency symptom is marginal scorch-
ing or tip burn in leaves that extends to intervenal regions 
and finally to whole lamina resulting in leaf fall (Hewitt, 
1963)» Potassium deficiency causes decrease in photosynthetic 
activity and disturbs carbohydrate and nitrogen metabolism due 
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to which soluble organic nitrogenous compounds accumulate to 
unusually high levels while proteins and carbohydrates are 
reduced (Hewitt, 1963^ Nason and McElroy, 1963). 
2.2.4 Sulphur 
Sulphur i s absorbed from s o i l as sulphate ion (S04~), 
though atmospheric SO2 i s a l so taken up and u t i l i s e d by the 
a e r i a l pa r t s of higher p l a n t s . Although sulphur i s present 
in s o i l in both inorganic and organic forms, yet sulphur from 
organic compounds becomes avai lable to plants only a f t e r t h e i r 
decomposition by microorganisms. The t o t a l sulphur in so i l s 
ranges from 0.01 to 0.15 per cent (Bould, 1963). 
Sulphur i s a const i tuent of the amino acids cys te ine , 
cyst ine and methionine and hence of p r o t e i n s . Besides, sulphur 
i s involved in various metabolic and enzjmatic processes . The 
metabolical ly ac t ive compounds, l ike thiamine, thiamine 
pyrophosphate, b io t in , coenzyme-A, l i po ic acid, adenosine 
5-pyrophosphate 3-phosphoadenosine 5-phosphosulphate, contain 
sulphur (Salisbury and Ross, 1986). In many enzjones and 
coenz3nnes, such as urease, APS sulphotransferase and coenzyme-A, 
the sulphydryl (-SH) group serves as functional group. Sulphur 
i s a l so a const i tuent of compounds l ike isothiocynates and 
sulphoxides which play an important role in the synthesis of 
e s s e n t i a l o i l s in p lan t s such as onion, g a r l i c and mustard 
(Marschner, 1986). Furthermore, sulphur plays a v i t a l ro le 
in chlorophyll formation (Marschner, 1986). 
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Sulphur deficiency, like nitrogen, causes chlorosis and 
decrease in leaf size; but visual symptoms appear in young 
leaves earlier than older ones. Its deficiency results in 
accumulation of starch, sucrose and soluble organic nitrogen 
due to inhibition of protein sjmthesis (Devlin and Witham, 
1986). Chlorophyll content also declines in sulphur-deficient 
plants (Willenbrink, 1967). It has also been reported that 
sulphur deficiency delays flowering and causes premature fruit 
ripening (Gilbert, 1951). 
2.3 Crop production in relation to fertiliser use 
The importance of proper use of fertilisers in increasing 
crop yields has been well established throughout the world. The 
full benefits from fertiliser use, hov/ever, cannot be realised 
without the use of seeds of improved varieties, better cultural 
practices, pest control and water management. The levels of 
mineral nutrients dwindle gradually due to their continuous 
removal by various crops. Therefore, particular fertilisers 
have to be applied to a cropped soil in order to maintain its 
fertility level. Nitrogen, phosphorus and potassium are needed 
in larger amounts than others because of their high removal and 
thus they are considered to be of paramoiont importance. On 
account of this, more work has been done on the requirement of 
nitrogen, phosphorus and potassium of various crops. Oil 
crops, in addition to N, P and K,require sulphur also in 
adequate quantities and thus sulphur is also given due attention 
here. 
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In the following pages an attempt has been made t o 
review the avai lable l i t e r a t u r e on the response of mustard 
to the f e r t i l i s e r s containing these n u t r i e n t s , giving emphasis 
on recent work done in Indian condi t ions . 
2.4 Effect of s o i l applied N, P, K and S alone and In 
combination on growth, y ie ld and qua l i ty of mustard 
An experiment on the ef fec t of N, P and K def ic iencies 
on growth, yield and o i l content of Brassica .juncea v a r , P-85 
was carr ied out in sand cul ture by Bose (1957) a t Calcutta 
(W.Bengal), He observed tha t under reduced supply of N, P and 
K, a l l grov/th parameters studied were affected adversely . The 
detr imental . e f fec t of N, P and K increased with t h e i r increasing 
de f i c i enc ie s . The effect of N deficiency on p lan ts appeared 
during ear ly stages of growth while effect of P deficiency 
appeared a t a l a t e r stage of growth. I t was noted tha t o i l 
content of seeds was g rea t ly reduced by P def ic iency. The 
adverse effect of potash deficiency was, however, l e s s severe 
than N and P and confined only to reduction of l a t e r a l growth. 
Maini and Negi (1957) working a t Gurgaon (iferyana) 
worked out the method and time of appl ica t ion of ammonium 
sulphate and superphosphate on yield of raya (Brassica .juncea 
v a r . L-18), Ammonium sulphate and superphosphate were applied 
a t the ra te of 50 lb N/acre (56 kg N/ha) and 25 lb PgO^/acre 
(28 kg P20c/ha)respect ively. They found tha t app l ica t ion of 
ammonium sulphate by broadcasting resu l ted in a s ign i f ican t 
increase of 315 lb /acre (352.8 kg/ha) in yield over the 
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l in fer t i l i sed con t ro l . However, the d r i l l i n g of ammonixjin 
sulphate 4-5 inches deep before sowing gave the maximum 
average yield of 460 lb /acre (515.2 kg/ha) . As regards 
superphosphate, broadcasting the f e r t i l i s e r before sowing 
l ike ammonium sulphate was p r a c t i c a l l y of no a v a i l but i t s 
d r i l l i n g resul ted in an increase in yield by an average margin 
of 166 lb /acre (185.92 kg/ha) . 
Maini e;t al_. (1959) working with three v a r i e t i e s of 
Brassica namely ffeya L-18 (B_. juncea) , Brown sarson 'A' 
S^.» campestris) and t o r i a 'A' (B_, campestris) in d i f ferent 
p a r t s of Punjab, applied graded doses of ni t rogen a t the r a t e 
of 0, 30, 60 and 90 lb N/acre (O, 35,6, 67.2 and 100.8 kg N/ha) 
in the form of ammonium sulphate by d r i l l i n g a t a depth of 
3-4 inches before sowing. They reported t h a t the optimiim doses 
of ni trogen for raya, sarson and t o r i a were 81.6 , 59.4 and 24.0 
lb /acre (91.4, 66.5 and 26.9 kg/ha) r e spec t ive ly . They a lso 
found tha t the yield of raya and sarson increased by 30 per cent 
with the appl ica t ion of 90 lb N/acre (100.8 kg/ha) and of 
t o r i a by about 35 per cent with 60 lb N/acre (67.2 kg /ha) . 
Singh and Singh (1959) a t Kanpur (U.P.) observed the 
ef fec t of varying doses of ni t rogen on yield of r a i v a r i e t i e s , 
RT-11 and Laha 101 and yellow sarson v a r i e t i e s T-30 and T-151. 
Both yellow sarson v a r i e t i e s and r a i exhibited a strong l i nea r 
response to ni trogen upto 90 lb /acre (100.8 kg N/ha) but the 
economic dose was found to be 30 lb N/acre (33.6 kg N/ha). 
However, the appl ica t ion of phosphorus alone or in combination 
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with nitro£];en did not af fec t the performance of sarson 
v a r i e t i e s but yield of r a i v a r i e t i e s increased considerably 
by the appl ica t ion of 25 lb ?^Q^/a^cve (28 kg V^^^/^'^)* 
Sandhu and Singh (1960) working a t Kanpur (U.P.) 
observed tha t appl ica t ion of ni t rogen a t the ra te of 30 lb 
N/acre (33.6 kg N/ha) and 60 lb N/acre (67.2 kg N/ha) to 
raya was responsible for an increase of 58 per cent in grain 
yield over con t ro l , 
Dalai e t a l , (1961) conducted f ie ld experiments to 
determine the response of raya (Brassica .juncea), sarson 
(Brassica campestris v a r . Brown sarson) and t o r i a (Brassica 
campestris v a r . t o r i a ) to four doses of n i t r o g e n , v i z . , 0, 30, 
60 and 90 lb /acre (O, 33.6, 67.2, 100.8 kg N/ha) in the form 
of ammonium sulphate . They reported tha t the highest yield 
in brown sarson and raya was obtained with the use of 90 lb 
N/acre (100,8 kg N/ha) while in case of t o r i a 60 lb N/acre 
(67.2 kg N/ha) yielded the bes t r e s u l t . In another t r i a l , they 
fur ther reported tha t appl ica t ion of phosphorus from 
superphosphate a t the ra te of 25 and 60 lb PpOc/acre (28 and 
67,2 kg PpO^/ha) alone or in combination with various doses 
of ni trogen had no benef ic ia l effect on any of the Brassica 
c rops . 
Pathak e t al^. (1961 ) working a t Kanpur (U.P.) conducted 
experiments on yellow sarson (Brassica campestris v a r . yellow 
sarson) and r a i (Brassica .juncea) for three succesive years . 
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They applied d i f fe ren t combinations of 0, 25 and 50 lb /acre 
(0, 28 and 56 kg/ha) each of ni trogen (N) and phosphorus (P2^5) 
in the form of ammonixim sulphate and superphosphate r e spec t ive ly . 
In yellow sarson, though the highest yield 915 lb /acre (1,024 
kg/ha) was obtained with highest combination of f e r t i l i s e r s 
i . e . 50 lb N + 50 lb P^O^ (56 kg N + 56 kg P2O5) agains t the 
control of 652 lb /acre (730.24 kg/ha) , 25 lb N + 25 lb P^O^ 
(28 kg N + 28 kg P2O5) combination was found t o be the most 
economic. Application of phosphate alone, however, had no 
effect on yield of yellow sarson but in combination with ni t rogen, 
lower dose of phosphate i . e . 25 lb PpO /acre (28 kg PpOc/ha) 
was comparatively more economical than >.• higher dose. For 
r a i , the highest dose of ni t rogen 50 lb N/acre (56 kg N/ha) 
e i t h e r alone or in combination with 25 lb P^O^/acre (28 kg 
PpOc/ha) gave the highest and the most economic yield of about 
1670 lb /acre (1870.4 kg/ha) agains t the cont ro l of about 
1218 lb /acre (1364.2 kg/ha) . 
Maini ejb a j , (1963) conducted f ie ld t r i a l s a t Pa t ia la 
(Punjab) for three successive years from 1959-60 t o 1961-62 on 
t o r i a (Brassica campestris v a r . t o r i a Abohar). They studied 
the ef fect of three doses of n i t rogen, v i z . , 0, 30 and 60 lb 
N/acre (O, 33.6 and 67.2 kg N/ha) on growth and yield 
c h a r a c t e r i s t i c s of t o r i a , A gradual increase in height, primary 
and secondary branches per p lan t , dry matter production and 
yie ld was noted with increasing leve ls of n i t rogen . However, 
the ef fect of 30 lb N/acre (33.6 kg N/ha) and 60 lb N/acre 
(67.2 kg N/ha) on height and primary branches was found to be 
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a t pa r , 
Majumdar and Sandhu (1963) conducted f ie ld t r i a l s a t 
I .A .R. I , (New Delhi) on Brassica campestris var. Brown Sarson, 
They applied ni t rogen and phosphorus each a t the r a t e of 0, 28 
and 56 kg N and P.Oc/ha in the form of ammonium sulphate and 
superphosphate r e spec t ive ly . They found tha t the appl ica t ion 
of ni trogen s ign i f i can t ly increased the height of p l an t , t o t a l 
number of primary branches per p lan t , t o t a l number of pods, 
t o t a l dry weight, length of pods, t o t a l number of seeds and 
pro te in content but decreased o i l content of seeds . The 
differences between 28 kg and 56 kg N/ha were found t o be a t par 
for almost a l l the characters chosen for the s tudy. However, the 
appl ica t ion of phosphorus did not influence the growth and 
development except an increase in the number of primary branches 
and t e s t weight. Phosphorus appl ica t ion decreased the ni t rogen 
content but increased the phosphate content of p lant and seed, 
Sharroa (1968) working a t Meerut (U,P,) conducted f ie ld 
t r i a l s for three consecutive years (1962-63 to 1964-65) on 
Laha-101 (Brassica .juncea). Three doses of ni t rogen a t the r a t e 
of 0, 22.5 and 45.O kg N/ha and phosphorus and potassium each 
a t the r a t e of 0, 11.25 and 22.5 kg PpO^ and K-O/ha wei?e applied 
indiv idual ly , in the fonn of ammonium sulphate, s ingle super-
phosphate and muriate of potash re spec t ive ly . Application of 
22.5 and 45 kg N/ha enhanced the seed yie ld to 658 and 811 kg/ha 
respect ively agains t the 540 kg/ha noted in the un fe r t i l i s ed 
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control i . e . an increase of 21.8 and 50 per cent respectively-
over the control receiving no f e r t i l i s e r s . Application of 
22.5 ke P Oc/iia had an enhancement of 714 kg/ha over 630 kg/ha 2 5 
in the un fe r t i l i s ed control i . e . a r i s e of 13.3 per cen t . 
Similarly, appl ica t ion of 22.5 kg K^O/ha gave an average yie ld 
of 539 kg/ha compared to 483 kg/ha recorded in the \ jnfer t i l i sed 
control i . e . 10 per cent increase over the con t ro l , 
Wankhede e t_a l . ( l 970) a t Sirsa (fferyana) conducted f ie ld 
t r i a l s on 'Abohar' v a r i e t y of Indian rape (Brassica campestris 
v a r , t o r i a ) during 1966-67 and 1967-68 and reported the effect 
of 40 kg N + 20 kg P20^/ha and 80 kg N + 40 kg V^^/hB. on 
height of p l an t , number of primary branches, capsules /p lant and 
seed yield and o i l content . Nitrogen was applied in s p l i t 
doses; half a t sowing time and half as top dressing a t the 
thinning time, whereas the t o t a l amount of phosphorus was 
applied a t sov/ing time a t a depth of 10 cm. Treatment 
40 kg N + 20 kg P20c/ha was proved superior for a l l the 
parameters including o i l yield and o i l content of the seed 
in comparison with the un fe r t i l i s ed con t ro l . However, the 
appl ica t ion of higher f e r t i l i s e r dose (80 kg N + 40 kg ^-^t^) 
reduced the grovrth and seed yield and o i l content of the seed. 
Singh et. a a . (1971) working a t Plisar (fferyana) fovind 
tha t higher dose of ni trogen with phosphorus had adverse 
effect on yield of brown sarson (B .^ campestris v a r . dichotoma)« 
They noted tha t appl ica t ion of 50 kg N with 25 kg P20^ and 
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100 kg N with 25 kg P 0^ gave y ie lds of 1250 and 1220 kg/ha 
respec t ive ly , compared with 890 kg/ha noted in the un fe r t i l i s ed 
c o n t r o l . However, o i l content was decreased by both treatments, 
Singh and Tomer (1971) a t Kota (Hajasthan) performed 
f ie ld experiments during 1967-68 to 1969-70 on mustard with 
three l eve l s of ni t rogen, v i z . , 0, 70 and 140 kg N/ha with and 
without three combinations of phosphate and potash in the 
r a t i o 0:0, 0:50 and 50:50 kg Pp05:K20/ha, Nitrogen was applied 
in two s p l i t s ; half a t sowing and half a t 40 days of crop 
growth. The appl ica t ion of 70 and 140 kg N/ha with basal 
appl ica t ion of phosphorus and potassium gave yield of 845 and 
963 kg/ha respect ive ly compared t o 562 kg/ha noted with 
phosphorus and potassium without n i t rogen . They noted tha t 
treatment with 140 kg N/ha was superior over the treatment with 
70 kg N/ha which in turn was s ign i f i can t ly superior over the 
con t ro l . However, the appl ica t ion of phosphate and potash 
without ni trogen had no effect on crop y i e l d . 
Allen and Morgan (1972) a t Cambridge worked out the 
ef fect of three l eve l s of n i t rogen, v i z . , 0, 105.5 and 211.0 kg 
N/ha, in addi t ion to a basal dose of 75 kg/ha each of P 0 and 
KpO, on two v a r i e t i e s of rape, namely Zoolerngold and Cresus, 
They noted tha t the appl ica t ion of ni trogen had a pos i t ive 
ef fec t on growth and development as i t increased the stem 
length, number of flowering branches, t o t a l p lan t weight, leaf 
area index and the number and weight of both pods and seeds. 
They further noted tha t the ef fect of nitrogen treatment varied 
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with the stage of development of crop. Though the leaf area 
index increased gradually with increase in the l eve l of applied 
ni trogen a t a l l s tages of growth, net ass imi la t ion r a t e (NAR) 
decreased with increasing ni t rogen leve l and was reported t o 
be maximum in p l o t s with no n i t rogen . The drop in NAR was 
probably due to low photosynthetic eff iciency of aged and 
senescent leaves and the increased ra te of r e sp i r a t i on of 
the inf lorescence. The increase in number of pods per p lan t 
and number of seeds per pod was p a r t l y due t o g rea te r number 
of flowering branches, as a r e s u l t of ni trogen app l i ca t i on . 
I t was a l so noted tha t the individual seeds were heavier in 
the ear ly stages of development when no ni trogen was applied 
but there was no difference in average seed weight a t the 
matur i ty . The o i l content of the seed decreased but the seed 
yield increased with increasing ni trogen supply, 
Gupta e t al_. (1972) a t Kanpur studied the ef fect of 
a l l possible combinations of ni t rogen (0, 40 and 80 kg N/ha) and 
phosphorus (O, 30 and 60 kg P20K/ha) and a t en th combination 
of 80 kg N + 50 kg PpO^ + 40 kg K^O/ha on seed y ie ld , o i l and 
pro te in content of t o r i a (Brassica campestris v a r . t o r i a T-9) . 
They noted tha t 80 kg N/ha gave 111 and 50 per cent more yield 
than the control and 40 kg N/ha r e spec t ive ly . However, 
treatment 40 kg N/ha did not d i f f e r s ign i f i can t ly from u n f e r t i -
l i s ed con t ro l . They a l so observed t h a t the increase in yield 
per kilogram ni trogen applied was 5.8 kg/ha. The treatment 
80 kg N + 60 kg P2O5 gave maximum seed yield (1094 kg/ha) . 
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o i l yield (481 kg/ha) and pro te in yield (240 kg /ha) . However, 
the addi t ion of 40 kg K^O/ha t o 80 kg N and 60 kg F^O^/ha. 
reduced the seed yield by 222 kg/ha. 
Kinra e;t a l . (1972), in a f ie ld experiment a t Kanpur 
(U.P,) studied the influence of varying l eve l s of ni trogen 
(O, 50, 100 and 150 kg N/ha) on the yield of Indian mustard 
(Brassica .juncea v a r . Appressed Mutant), The ni t rogen was 
applied in two equal doses; half a t sowing time and the 
remaining half a f t e r p lan t s completing 40 days of grov/th. They 
observed tha t appl ica t ion of 50, 100 and 150 kg N/ha increased 
the yield by 56, 83 and 71 per cent respec t ive ly over the 
con t ro l . I t was observed tha t y ie ld was increased s ign i f i can t ly 
upto a l eve l of 100 kg N/ha. 
Mehrotra e t a l . (1972) carr ied out pot experiments on 
Indian mustard (Brassica .juncea cv, R.T.H) a t Kanpur (U.P . ) , 
They applied four leve ls of ni t rogen a t the r a t e of 0, 22, 44 
and 66 kg N/ha alone and in combination with 0 and 22 kg PpO^/ha 
a t the time of sowing. S igni f icant ly higher yield was obtained 
by the appl ica t ion of nitrogenous f e r t i l i s e r s a t 44 and 66 kg 
N/ha. Application of phosphate alone depressed y i e l d . However, 
the highest yield and o i l and pro te in content was obtained in 
66 kg N plus 22 kg P20c/ha. They a l so observed an inverse 
re la t ionsh ip between o i l and pro te in content by the app l i ca -
t i on of nitrogenous and phosphatic f e r t i l i s e r s a lone . They 
found tha t ni t rogen when supplied singly increased the pro te in 
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content of seeds while the o i l content was decreased. When 
phosphorus given s ingly increased the o i l content of seeds 
but s l i g h t l y depressed the pro te in content . 
Shekhawat e^ t al..(1972) a t Jodhpur (ftajasthan) conducted field 
experiment and studied the ef fect of 0, 30 and 60 kg/ha each of 
ni t rogen, phosphorus and potash in a l l possible combinations 
on yield of mustard (Brassica campestris v a r . Sarson P r a i n ) , 
Ful l dose of phosphorus and potash and half of ni t rogen was 
applied as basal dressing while the remaining ni t rogen was top 
dressed a t the time of flowering. They noted a s ign i f ican t 
increase of 56.7 and 66.2 per cent in seed yield due to 
appl ica t ion of 30 and 60 kg N/ha respect ive ly over the con t ro l . 
However, no s ign i f i can t difference was noted for 30 and 60 kg 
N/ha, Both doses of phosphorus as v/ell as of potash had no 
s ign i f ican t e f fec t on- grain y i e l d , 
Singh e t aJL, (1972) working a t Gurgaon (Harj^ana) 
performed f ie ld experiments for two successive years 1964-65 
and 1965-66, They applied three l eve l s of ni t rogen (O, 74 
and 101 kg N/ha) to four v a r i e t i e s of Indian mustard (Brassica 
.iuncea). v i z , , RG-1, RG-3, RL-9 and RL-18 and observed tha t 
both 74 and 101 kg N/ha, s ign i f i can t ly increased the seed 
yie ld over the c o n t r o l . The treatment (101 kg N/ha) gave 51.3 
and 10,5 per cent more yield over the control and 74 kg N/ha 
re spec t ive ly . In 1964-65 the v a r i e t i e s did not d i f f e r from 
each o ther . However, in 1965-66, v a r i e t y RG-3 gave s ign i f i can t ly 
more yield over other v a r i e t i e s . On an average, RG-3 gave 
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11.2, 9.2 and 8.8 per cent more yield over RG-1, RL-9 and RL-18 
respec t ive ly . 
Singh and .Yadav (1972) ca r r ied out a f ie ld experiment on 
Indian rape (Brassica campestris va r . Toria) a t Hisar (iferyana), 
for three consecutive years from 1968-69 to 1970-71. They 
applied three f e r t i l i t y leve ls of ni trogen and phosphorus, v i z . , 
0 + 0, 40 kg N + 20 kg '9^^J\^, and 80 kg N + 20 kg V^O^/ha., 
below the seed before sowing. Nitrogen and phosphorus were 
applied in the form of calcium ammonium n i t r a t e and single 
superphosphate r espec t ive ly . They noticed t h a t the increased 
f e r t i l i t y l eve l enhanced number of primary branches, pods per 
main shoot, pod length and grains per pod but decreased the 
1000-grain weight. In 1968-69, both f e r t i l i t y l eve l s increased 
the seed yield s ign i f i can t ly over the control but in the follov/ing 
two years the increase was not s i gn i f i can t . On an average, 
40 kg N + 20 kg P Oc/ha gave 169 kg and 80 kg N + 20 kg ^^^./ho^^ 
133 kg/ha more seed yield than the un fe r t i l i s ed con t ro l . The 
treatment 40 kg N + 20 kg Pp0_/ha produced maximum o i l percentage 
in 1968-69 but in the following two years the o i l content in 
seeds was decreased by the same f e r t i l i t y l e v e l . However, the 
o i l yield/ha l ike seed yield was maximum in the treatment 
40 kg N + 20 kg P20c/ha during the en t i r e three year per iod. 
Dasgupta and Das (1973) working a t Varanasi (U.P.) 
conducted a f ie ld experiment during 1963-64 and 1964-65 to study 
the effect of d i f ferent l eve l s of N, P and K in single and 
s p l i t appl ica t ions on the yield and o i l content of rape 
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(Brassica campestris var. yellow sarson T-42). They applied 
three levels of nitrogen at the rate of 0, 50, and 100 kg N/ha 
and three levels ©f phosphorus and potassium each at the rate 
of 0, 37.5 and 75 kg P2O5 and KgO/ha separately and in all 
possible combinations. The fertilisers were applied as a single 
dose at sowing, 1/2 at sov/ing and 1/2 after one month and 1/3 
at sowing, 1/3 after one month and I/3 after two months of crop 
growth. The yield showed a linear response with increasing 
levels of nitrogen. The response to phosphorus was not linear, 
only the highest dose i.e. 75 kg PpO^/ha showed an increase 
over the control. Regarding potassium, 37.5 kg KpO/ha showed 
a significant increase in yield over the control in the first 
year only. The oil content v/as found to decrease with increasing 
levels of nitrogen but increased slightly with increasing levels 
of potassium. However, phosphorus did not affect oil content 
markedly. As regards time of application, split application 
did not show any marked effect on yield and oil content of rape, 
Pasricha and Randhawa (1973) working at Ludhiana (Pxonjab) 
studied the effect of sulphur application on dry matter yield, 
oil content, sulphur content, uptake of native sulphur and total 
yield of mustard (Brassica .juncea var, RL-18) under greenhouse 
conditions. Five levels of sulphur were applied throur;h tagged 
gypsom namely 0, 12.5, 25, 37.5 and 50 ppm. Sulphur application 
had a significant effect on the dry matter yield and increased 
the oil content by 12 per cent by the application of 12.5 to 
25 ppm sulphur. The sulphur content of vegetative parts and 
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grains of mustard increased with sulphur application. However, 
the treatment beyond 25 ppm sulphur decreased the uptake of 
sulphur. 
Dayanand and Mahapatra (1974) at I.A.R.I. (New Delhi) 
conducted a field experiment to observe the effect of three 
levels of nitrogen, viz., 30, 60 and 90 kg N/ha on the yield of 
raya (Brassica j^uncea var. Appressed Mutant). They noted that 
various levels of nitrogen did not affect grain yield signifi-
cantly. However, an increasing trend upto 60 kg N/ha was noted. 
The treatment 60 kg N/ha showed an increase in grain yield of 
206 kg/ha and 76 kg/ha over treatments 30 kg N/ha and 90 kg N/ha 
respectively. 
Singh et_ al_. (1974) carried out a field experiment at 
Kota (Rajasthan) for three successive years (1966-67 to 1968-69) 
with three oil seed crops, viz., linseed, sunflower and mustard. 
They applied nine fertiliser combinations of nitrogen, phosphorus 
and potassium each at the rate of 0, 30 and 60 kg/ha. Nitrogen 
was applied in two split doses, viz., half at sowing and half at 
irrigation, whereas full dose of phosphorus and potash was applied 
at the time of sowing. They recorded that all the fertility 
levels increased the yield significantly over the control. 
However, treatment 60 kg N + 60 kg P^O^ + 60 kg K-O/ha was proved 
optimum for yield of mustard, 
Bhan et_ al. (1975) in a field experiment at Kanpur with 
three varieties of mustard (Brassica .juncea), namely Appressed 
Mutant, T-16 and APP-3, investigated the effect of three 
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f e r t i l i t y l e v e l s , v i z . , N^P^K^ (control ) , N ^ Q P ^ K ^ and 
^120^^60^60 • "^ ^^ y^ reported t h a t the highest f e r t i l i t y l eve l 
(120 kg N + 60 kg PpOc + 60 kg KpO/ha) resul ted in the maximum 
yie ld of 2,551 kg/ha with s ign i f i can t differences of 318 and 
526 kg/ha over 60 kg N + 30 kg ¥^^ + 30 kg K^O/ha and the 
un fe r t i l i s ed control r e spec t ive ly . As regards v a r i e t i e s , T~16 
yielded maximum (2,397 kg/ha) which was 296 and 585 kg/ha 
higher over Appressed Mutant and APP-3 respec t ive ly , 
Chundawat et_ a l . (1975) conducted f ie ld t r i a l s for two 
years a t Alwar (Ra^jasthan) t o evaluate the response of varying 
leve l s of n i t rogen, phosphorus and potassium on yie ld of 
mustard (Brassica .juncea v a r . RL-18), Three l eve l s each of 
n i t rogen, phosphorus and potash were applied a t the r a t e of 
30 kg and 60 kg N, P2OC and KpO/ha in the form of ammonium 
sulphate, single superphosphate and muriate of potash respect ive ly , 
Half dose of ni trogen and fu l l dose of phosphorus and potash 
were applied a t sowing, whereas the remaining half of ni trogen 
was top dressed a t f i r s t i r r i g a t i o n . The r e s u l t s showed a 
l i nea r trend of increase in yield with increasing leve ls of 
n i t rogen, phosphorus and potash. However, the increase in yield 
due to increasing potash leve l was not s i g n i f i c a n t . They further 
reported tha t the highest yield was obtained with 60 kg N + 
60 kg P205/ha. 
Sahu and Behura (1975) conducted f ie ld experiments a t 
Bhubaneswar (Orissa) for two successive years (1971-72 and 
1972-73) on mustard (Brassica .luncea v a r . Appressed Mutant), 
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They applied three leve ls each of ni trogen (0, 50, and 75 kg 
N/ha), phosphorus (O, 25 and 50 kg P20^/ha) and potassium (O, 25 
and 50 kg KpO/ha) in the form of calcium ammonium n i t r a t e , 
superphosphate and muriate of potash respet i t ively . I&lf of 
nitrogen and fu l l doses of phosphorus and potash v/ere applied 
a t sowing while the remaining half of ni trogen a t flowering. 
They reported a trend of l i nea r increase in member of branches/ 
p l an t , number of pods/plant and number of seeds/pod with 
increasing leve ls of ni t rogen, phosphorus and potassium. However, 
a combined dose of 50 kg N + 25 kg PgO^ + 25 kg K^O/ha gave the 
maximum seed yield of 1,957 kg/ha with a difference of 1,132 
kg/ha over the un fe r t i l i s ed con t ro l . Maximum o i l content of 
34.95 per cent was obtained v/ith 50 kg P^O^/ha. 
Bhan and Singh (1976), in a f ie ld t r i a l a t Kanpur (U.P.) 
on mustard (Brassica .juncea v a r . T-16), assessed the optimtun 
requirement of N, P and K. They applied five l eve l s of 
ni t rogen (0, 40, 80, 120 and 160 kg N/ha), 3 l eve l s of phosphorus 
(0, 25 and 50 kg P^O^/ha) and two leve ls of potassitun (0 and 
25 kg K20/ha) separately and in a l l possible combinations. The 
dose of ni t rogen upto120 kg!^/ha increased the yield but 
160 kg N/ha caused a depression in y i e l d . The y ie ld difference 
between 40 kg and 80 kg N/ha was s igni f icant but 120 kg N/ha 
was a t par with 80 kg N/ha. Application of 50 kg ^^0:=^/ha 
increased the yield s ign i f i can t ly over the cont ro l but did not 
d i f fe r s ign i f i can t ly from treatment 25 kg P 0^/ha, The effect 
of 25 kg KpO/ha was found to be s ign i f ican t over the con t ro l . 
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The trend of response of ancillary characters like plant height, 
branches and pods per plant to nitrogen and phosphorus was 
similar to that of yield. However, potassium did not show any 
beneficial effect on these characters except the pod number per 
plant which was increased. Finally, they concluded that the 
treatment 80 kg N + 50 kg P^O^ + 25 kg K^O/ha might be 
recommended for obtaining optimum yield and profit from mustard, 
Agrawal and Gupta (1977) working at Iferdoi (U.P.) 
conducted a field experiment on two varieties of mustard 
(Brassica campestris), viz., Toria T-9 and labia T-36 with four 
levels of nitrogen (0, 25, 50 and 75 kg N/ha). A uniform dose 
of phosphorus and potash each at the rate of 20 kg P2O5 and 
KpO/ha v/as also applied with all nitrogen levels at the time 
of sowing. Nitrogen was applied in two splits; half at sov;ing 
and the remaining half after first irrigation. They reported 
that increasing dose of nitrogen had a positive effect on 
ancillary characters like height of plant, number of primary 
branches, number of siliqua per plant, and number of se?ds per 
siliqua. Similarly, threre was a significant increase in seed 
yield in both varieties in response to increasing nitrogen 
levels. During 1974-75, 50 kg N/ha gave significantly higher 
yield than 25 kg N/ha and the control. However, in the same 
year a decline was noted with 75 kg N/ha. In the second year 
(1975-76), 25 kg N/ha gave significantly higher yield over the 
control but did not differ significantly from 50 kg N/ha. Data 
revealed that 50 kg N/ha was optimum for economic yield of toria 
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Aulakh and Pasricha (1977) conducted a pot culture 
experiment at Ludhiana (Punjab) on rapeseed (Brassica napus 
var, ITSA)« Sulphur, magnesium and potassium each at the rate 
of 0, 25 and 50 ppm in all possible combinations were supplied 
from CaSO, .2H2O, MgCl^.Sl^O and KGl respectively. A uniform 
level of nitrogen, phosphorus, zinc and calcium was maintained. 
They noted that application of sulphur individually and in 
combination with potassium increased the grain yield. Interac-
tions, S X Mg and K x Mg suppressed the yield of grains while 
interaction effect of S x K v/as consistently favourable for 
seed yield. 
Dasgupta and Ghosh (1977) carried out a field experiment 
at Varanasi (U.P.) on two varieties of Indian mustard (Brassica 
.juncea) viz., Appressed Mutant and T-59. They studied the 
effect of four doses of nitrogen, viz., 0, 40, 80 and 120 kg N/ha 
on quality characters and found that oil content of both 
varieties was not affected but protein percentage increased 
with higher doses of nitrogen. 
Singh and Singh (l977a), in pot culture experiment with 
raya (Brassica j^uncea var. RL-18), applied three doses of 
sulphur at the rate of 0, 30 and 60 ppm and four doses of 
selenium at the rate of 0, 2.5, 5 and 10 ppm and concluded that 
sulphur containing amino acids, oil percentage and allyliso-
thiocyanate value increased with sulphur application and 
decreased with selenium application. They further noted that 
sulphur application counteracted the negative effects of selenium 
to a certain extent. 
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In another pot experiment a t the same place,Singh and 
Singh (1977b) applied sulphur as potassium sulphate a t the ra te 
of 0, 15» 30, 60, 90 and 120 ppm to raya (Brassica .juncea v a r . 
RL-18). The sulphur treatment upto 90 ppm enhanced early-
flowering, p lan t grov/th, grain yield and 1000-grain weight. 
However, the ef fect of 60 ppm sulphur did not d i f f e r s i g n i f i -
cant ly from tha t of 90 ppm while 120 ppm reduced the y i e ld , 
P a t i l and De (1978) a t I .A .R. I . (New Delhi) studied the 
ef fect of three l eve l s of ni t rogen, v i z . , 0, 30 and 60 kg N/ha 
on rape seed (Brassica campestris) and foxjnd tha t seed yield 
was s ign i f i can t ly affected by ni t rogen f e r t i l i s e r . The t r e a t -
ments 30 and 60 kg N/ha increased the seed yield by 26 and 31 
percent respect ive ly over the un fe r t i l i s ed con t ro l , whereas, 
the o i l content of the seed was s ign i f i can t ly decreased by 
applying n i t rogen . However, t h i s decrease was too small to 
a f fec t the o i l yield per hec ta re . Final ly , i t was calculated 
tha t 53 kg N/ha was optimum to fetch maximum p r o f i t from t h i s 
crop. 
Singh et. a l . (1978a) conducted a s p l i t - p l o t f ie ld 
experiment a t Ludhiana (Punjab) for two successive years . 
Combinations of ni trogen leve l s and time of i t s appl ica t ion 
were a l lo ted to main p lo t s and v a r i e t i e s to sub -p lo t s . 
Signif icant higher yield was obtained when a l l the ni t rogen 
was applied a t the time of sowing. The ni trogen treatment 
upto 75 kg N/ha increased seed yie ld in the f i r s t year and upto 
50 kg N/ha in the second year . Regarding v a r i e t a l d i f ferences . 
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they observed that RLM-198 gave significantly better yield 
than Prakash and RL-18, at all levels of nitrogen except at 
zero level at which RL-18 and Prakash out yielded RLM~198. 
Singh et^  al_, (1978b) v/orking v;ith two varieties of 
mustard (Brassica .juncea var, T-59 and KYSR) at Jodhpur 
(Rajasthan) noted that pods/plant were favourably influenced 
by nitrogen. Application of nitrogen at all levels, viz., 
0, 30, 60 and 90 kg N/ha gave significantly more seed yield 
than the control (receiving no nitrogen) in the first year. 
In the second year, however, 60 kg N/ha gave significantly 
more seed yield than 30 kg N/ha, As regards varietal response, 
oil percentage and oil yield were more in variety KYSR than in 
T-59 at all nitrogen levels. On the basis of these results, 
they suggested that with limited moisture supply, sowing in 
rove 30-^0 cm apart and application of 30 kg N/ha seemed to be 
necessary for high yield of mustard. 
Singh and Singh (1978), in a pot experiment on raya 
(Brassica .-juncea) at Hisar (Biryana), applied sulphur at the 
rate of 0, 15, 30, 60, 90 and 120 ppm with 60 ppm nitrogen, 
30 ppm phosphorus and 5 Ppm each of zinc, iron and manganese. 
They found that seed yield per pot and oil content increased 
with sulphur application upto 90 ppm and decreased at 120 ppm, 
Bishnoi and Singh (1979a) carried out a field experiment 
at Hisar (tferyana) with three varieties of raya (Brassica .juncea 
var, RH-29, RH-30 and RL-18) for two successive years. They 
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studied growth and yield parameters as affected by four 
nitrogen levels, viz., 0, 30, 60 and 90 kg N/ha. Nitrogen was 
applied in two equal halves; half at the time of sowing and 
the rest was top dressed at tl^ first irri<^ation. A gradual 
increase in seed yield, d]fy weight per plant and 1000-seed 
weight was noted with increasing levels of nitrogen during 
both years. However, varieties did not show any significant 
difference with regard to seed yield. Further, Bishnoi and 
Singh (1979b) reported the effect of nitrogen application on 
oil yield and quality parameters of three mustard varieties. 
They found that nitrogen application significantly decreased 
oil content but increased oil yield. Iodine value, allylio-
sothiocyanate and free fatty acids were also found to increase 
with nitrogen application. As regard varietal response, oil 
content was found to be maximum in RH-30 followed by RL~18 
and RH~29. However, the varieties did not show any difference 
with regard to other quality characteristics. 
Jain and Jain (1979) conducted a field experiment during 
1975-75 and 1975-77 at Udaipur (Rajasthan) and reported the 
effect of three irrigation and five fertility levels on the 
yield of mustard Ssrassica juncea var. Varuna (T-59)]. The 
fertiliser levels were consisted of control (no fertiliser), 
30 kg N/ha, 30 kg N + 10 kg P + 20 kg K/ha, 60 kg N/ha and 
60 kg N + 10 kg P + 20 kg N/ha. They reported that the average 
increase in yield over the control was 240 kg/ha with 30 kg N 
and a further increase of 180 kg/ha, with 60 kg N/ha. Both 
these doses were proved economical. However, addition of 
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phosphorus and potassium to both nitrogen t reatments , though 
gave higher y i e ld s , was not much economical. The t o t a l 
number of i r r i g a t i o n s applied were 3 , 5 and 6 r e spec t ive ly . 
An optimum yield of 1,893 kg/ha was obtained with three 
i r r i g a t i o n s while a further increase in i r r i g a t i o n gave a non-
s igni f icant addi t ional yield of only 100 kg/ha. 
Mudholkar and Ahlawat (1979) a t Sirsa (mryana) in a 
s p l i t - p l o t f ie ld experiment chose three seeding dates and 
three genotypes of yellow sarson (YSS-8, 4 valved mutant and 
YS-24) as main p lo t treatments and combinations of ni trogen 
leve l s (0, 40 and 80 kg N/ha) and three p lan t d e n s i t i e s as 
sub--plot t rea tments . A basal dose of 40 kg/ha each of P 0 
and K2O with a l l l eve ls of ni t rogen was applied a t the time 
of sowing. The data showed t h a t appl ica t ion of ni t rogen 
enhanced dry matter production per p l an t , number of pods per 
p l an t , seed y ie ld , 1000-seed v/eight and harvest index. The 
higher dose of 80 kg N/ha, however, had no add i t iona l advantage 
over 40 kg N/ha in respect of a l l p lan t charac ters and seed 
y i e l d . I t was noted tha t 45.4 kg N/ha gave maximum response, 
producing 226 kg/ha more over the con t ro l , 
Pandey et. al, . (1979), a t I .A .R. I . (New Delhi) , studied 
the effect of four leve ls of n i t rogen, v i z . , 0, 20, 40 and 
60 kg N/ha and three leve ls of phosphorus, v i z . , 0, 20 and 40 kg 
^2^5/^^ alongwith a constant dose of 40 kg K_0/ha on mustard 
(Brassica .juncea v a r , BSH-1). The data revealed t h a t increasing 
l eve l s of ni trogen increased seed yield to the extent of 500, 
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810, 1020 and 1,225 kg/ha respectively. However, phosphorus 
application did not show any significant difference in grain 
yieId. 
Aulakh et_ aJL. (1980), at Ludhiana (Punjab) tested the 
effect of graded doses of nitrogen and sulphur on yellow 
mustard (Brassica campestrls) and mustard (Brassica .juncea) 
in field trials. Sulphur at the rate of 0, 30 and 60 kg S/ha 
in combination with four level of nitrogen, viz., 0, 25, 50 and 
75 kg N/ha for yellow mustard and 0, 60, 120 and 180 kg N/ha 
for mustard v/as applied. During the third year, the levels 
of nitrogen were changed to 0, 30, 60 and 90 kg N/ha for yellow 
mustard and 0, 50, 100 and 150 kg N/ha for mustard. Sulphur 
as gypsom and a uniform dose of 20 kg PpOc as triple super-
phosphate were also drilled. Nitrogen as urea was broadcast 
before sowing. Yellovj mustard (var. BSH-1 ) was sovm each year 
while mustard (var. RLI^ l-198), in the first two years and RL-514 
in the final year. They noted that in all three years the 
yield of both yellow mustard and mustard increased with 
increasing nitrogen leve]s. However, the maximum yield of both 
cultivars was obtained when high doses of nitrogen and sulphur 
were given together. The adequate N:S ratio appeared to be 7.5:1 
or less for good seed yield of both mustard crops. Seed oil 
content improved with sulphur application but not with nitrogen 
application. It was noted that maximum oil yield was given by 
highest combined dose of nitrogen and sulphur in both crops. 
The average increase in oil yield was 79 per cent in yellow 
38 
mustard and 270 per cent in mustard. The application of both 
sulphur and nitrogen also improved the protein content of seeds 
in both crops. 
Patel et_ al. (1980) at Junagadh (Gujarat) conducted a 
split-plot field experiment on mustard (Brassica ,juncea var, 
Varuna). They studied the effect of three spacings and various 
combinations of four levels of nitrogen and phosphorus each at 
the rate of 0, 25, 50 and 75 kg N and P^O^/ha, Phosphorus and 
nitrogen were taken in the form of single superphosphate and 
urea respectively. All the phosphorus and half dose of 
nitrogen was applied before sowing while the remaining nitrogen 
was top dressed one month after sowing. They noted that the 
highest seed yield was obtained with the application of 50 kg 
N or P„0c/ha, They also suggested that the higher number of 
secondry branches and pods/plant obtained v/ith 50 kg N or 
PpOc/ha treatment might be responsible for higher seed yield. 
Vir and Verma (1981) conducted a field experiment at 
Agra (U.P.) during 1974-75 and 1975-76 on mustard (Brassica 
.juncea var. T-59). The treatment composed of four levels of 
nitrogen (0, 30, 60 and 90 kg N/ha), three levels of phosphorus 
(0, 30 and 60 kg PjO^/ha) and three row spacings (30, 45 and 
60 cm). Full dose of nitrogen (urea) and phosphorus (single 
superphosphate) was applied at the time of sowing. They noted 
that crop responded best to 60 kg N and 30 kg P-O^/ha in terms 
of pod number and seed yield. However, the optimum levels of 
nitrogen and phosphomas were 50,6 kg N and 36,7 kg P-Oc/ha, 
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Neither ni trogen and phosphorus nor row spacing showed any 
effect on o i l content of seeds . 
Parvaiz e t al_. (1982) reported the r e s u l t s of a 
f a c t o r i a l randomised f ie ld t r i a l conducted a t Aligarh (U.P.) 
on two v a r i e t i e s of mustard, Laha-101 (Brassica .juncea) 
and pee l i sarson (Brassica campes t r i s ) . They applied two 
leve l s of ni t rogen (40 and 60 kg N/ha) and two leve l s of 
phosphorus (20 and 40 kg P 0 /ha ) in a l l possible combinations 
i . e . UQPQ, N^O^20 ' ^'40^40' ^60^20 ^^^ ^60^40 ^ " ^ ^ uniform 
dose of 40 kg K20/ha, Treatment N^o^40 S^ve maximum values 
for a l l yield c h a r a c t e r i s t i c s l ike seed y ie ld , o i l percentage 
and h e c t o - l i t r e weight. However, pods per p lan t and seeds 
per pod ware higher in N^QP^Q and N^QP^^Q. They found tha t 
Laha-101 proved b e t t e r for most of the yield characters and 
outyielded pee l i sarson. They further noted t h a t Laha-101 
gave the highest values for the seed and o i l yield v/ith 
%0^4o '^^ •^^ ^ Peel i sarson gave the highest values for these 
parameters with ^^.QP/L^Q* 
Rohan ejfc a]L_. (1982) studied the effect of four sowing 
dates and four l eve l s of ni t rogen, v i z . , 0, 15, 30 and 45 kg 
N/ha on gro\irth and yield characters of mustard. The f ie ld 
t r i a l was conducted a t Riwa (M.P.) according to randomised 
block design. The f u l l dose of ni trogen alongwith a uniform 
dose of 40 kg P 0^ and 20 kg K 0/ha was applied to a l l 
treatments before sowing. The data revealed tha t the 
increasing doses of nitrogen s ign i f i can t ly increased the p lant 
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height , number of branches/plant , numoer of capsules /p lan t , 
seed y i e ld /p l an t , 1000~seed weight, seed y ie ld /hec tare and o i l 
percentage. The treatment 45 kg N/ha proved superior over 
others and gave 20.82, 49.24 and 64.58 per cent more seed y ie ld 
over 30 kg N, 15 kg N and 0 kg N/ha respec t ive ly , 
AgarwaJaet a l . (1983) a t Lucknow (U.P.) in a sand cul ture 
experiment with mustard (B_. juncea) applied six graded leve ls 
of sulphur ranging from deficiency to excess, each a t tv/o, 
normal and def ic ient l eve ls of n i t rogen. They noted tha t 
raaximxim growth and dry matter y ie ld v/as obtained with 4.0 meq 
sulphur and normal n i t rogen . Symptoms of sulphur deficiency 
appeared a t 0.04 and 0.08 meq sulphur. Sulphur deficiency 
increased the concentration of reducing and non reducing sugars 
and nonproteinaceous ni trogen and decreased chlorophyll , soluble 
p ro te in and t o t a l ni t rogen content . Leaves of sulphur def ic ient 
p lan t s showed high a c t i v i t i e s of peroxidase, acid phosphatase 
and r ibonuclease. Nitrogen deficiency depressed the grovjth and 
yield of p l a n t s . They a l so worked out the c r i t i c a l values 
for t i s sue sulphur for normalcy, threshold of deficiency, 
deficiency and threshold of t o x i c i t y which were 0 .55, 0.40, 
0,30 and 0,68 per cent respec t ive ly in tops of 33 days old 
p lants supplied with normal n i t rogen , ' .^ereas, the corresponding 
values for t i s sue sulphur in p lan t s tha t received low nitrogen 
supply were 0,48, 0.30, 0.18 and 0.63 per cent r e spec t ive ly . 
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Parvaiz e t al_, (1983) in a f ie ld experiment a t Aligarh 
(U.P.) studied the effect of two doses of phosphorus (10 and 
20 kg PpOc/ha) on growth and y ie ld characters of two v a r i e t i e s 
of mustard, Laha-101 and pee l i sarson, A uniform dose of 60 kg 
N + 40 kg KpO/ha was added to a l l t rea ted p l o t s . They reported 
tha t higher dose of phosphorus i . e . 20 kg P.Oc/ha proved 
superior to the lower dose for a l l the characters s tudied, 
including shoot length, fresh weight, dry weight, pod number/ 
p lan t , seed number/pod, h e c t o - l i t r e weight, o i l percentage, 
o i l yield and seed y i e l d . The treatment 20 kg P20c/ha gave 
253.5 and 97.0 kg/ha more seed and o i l yield respec t ive ly over 
10 kg P„0_/ha. In t h e i r experiment, Laha-101 performed b e t t e r 
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than peeli sarson. 
Samiullah et_ al_. (1984) reported the results of a 
factorial randomised field experiment conducted on mustard 
(Srassica -^jtjncea^  var. Varuna) at Aligarh (U.P.). They studied 
the effect of 40, 60 and 80 kg/ha each of phosphorus (^ 2^ 5^  
and potassium (K2O) and of their interaction on yield and 
yield attributes of mustard. A uniform dose of nitrogen as 
urea at the rate of 90 kg N/ha was also applied. The effect 
of phosphorus alone and of interaction (P x K) was found to be 
significant on all yield characteristics. Application of 
60 kg PpOc/ha increased pod number/plant by 18.2 per cent, 
seed number/pod by 5«1 per cent, hecto-litre weight by 0.8 per 
cent, seed yield by 12.3 per cent, oil percentage by 3.2 per cent 
and oil yield by 22.9 per cent as compared with 40 kg P20c/ha. 
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The interaction 60 kg Pp^K x 40 kg KpO/ha increased these 
characteristics by 19.0, 6,0, 0.7, 12,5, 3.3 and 23.4 per cent 
respectively over the control (40 kg ^ 2^5 * ^ ^ ^^ K^O/ha), 
They further reported that due to high potassixm status of 
soil, potassium effect \vas not significant. 
Mohammad et_ al, (1985), in a simple randomised field 
experiment at Aligarh (U.P.),studied the effect of four 
levels of nitrogen, viz., 30, 60, 90 and 120 kg N/ha on yield 
and quality parameters of mustard (Brassica .juncea var. Varuna), 
A uniform dose of 17.5 kg phosphorus as monocalcium super-
phosphate and 33.2 kg potassium/ha as muriate of potash v;as 
added to the soil before sowing. It was observed that all 
parameters studied were affected significantly by nitrogen 
application. Treatment 90 kg N/ha was found to be optimum 
for most of the yield parameters, including seed and oil yield. 
Treatment 90 kg N/ha gave 58,8% higher seed yield compared with 
the lowest dose (30 kg N/ha), the major contributing factors 
being pod number/plant and seed number/pod which were increased 
by 20,4 and 16.9 per cent respectively as compared to the lowest 
dose (30 kg N/ha). As regards quality parameters, iodine value 
showed a linear decrease with increasing doses of nitrogen, 
being the highest i.e. 98.55 with 30 kg N/ha and the lowest i.e. 
95.25 with 90 kg N/ha, Acid value and saponification value 
were also maximum in 30 kg N/ha. 
Samui et_ al_. (1986), in a field experiment at Kalyani 
(W.B.), studied the effect of nitrogen alone or in different 
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combinations with iron on the growth and yield of mustard. 
Nitrogen as urea and iron as i ron sulphate were applied in 
seven combinations, v i z . , no ni trogen and i ron, 50, 100 and 
150 kg N/ha with and without 20 kg FeSO^/ha. A uniform dose of 
60 kg P^O and 40 kg K^O/ha in the form of single super-2 5 <-
phosphate and muriate of potash respect ive ly was a l so applied 
a t sowing. Application of ni trogen showed s ign i f i can t 
improvement in growth and yield as compared with the con t ro l . 
Treatment with ni trogen or i ron sulphate, although did not show 
any effect on o i l content , increased o i l yield due to increase 
in seed y i e ld . 
Anti l et_ a l . (1985) conducted f ie ld experiments during 
1980 -81 and 1981-82 a t Hisar (Haryana) to find out the 
ef fec t of d i f ferent ni trogen leve ls (O, 30, 60, 90 and 120 kg 
iV/ha) on dry matter, grain y ie ld and uptake of ni t rogen in 
three v a r i e t i e s of raya (Brassica .juncea Goss.) , namely 
Parkash, RH-30 and RH-7513. A \jniform basal dose of 30 kg 
P2^5/ha was applied with half of nitrogen a t the time of sowing 
and the remaining ni trogen a t 45 days of crop growth v/ith the 
f i r s t i r r i g a t i o n . Dry matter and grain yield of a l l v a r i e t i e s 
were s ign i f i can t ly increased upto 90 kg N/ha in both yea r s . 
Increase in grain yield from 0 to 90 kg N/ha was 530 and 
750 kg/ha in 1980-81 and 1981-82 respec t ive ly . Nitrogen x 
v a r i e t y in te rac t ion on dry matter yield of Parkash reg is te red 
an increase 'upto 120 kg N/ha, whereas s imi lar response of 
RH-30 and RIt-7513 was observed only upto 90 kg N/ha, Concentration 
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of ni trogen in grain and straw increased with i t s increasing 
l eve l s in both years a t a l l growth 's tages . The increase in 
ni trogen concentration in grains from 0 to 120 'kg N/ha was 
:50,9 and 26.6 per cent in 1980-81 and 1981-82 r e spec t ive ly . 
Nitrogen x v a r i e t y in t e rac t ion on uptake of ni t rogen by straw 
indicated that ni t rogen uptake by Parkash was s ign i f i can t ly 
increased upto 120 kg N/ha; v/hereas the increase in RH-30 
and RH-7513 was upto 90 kg N/ha. 
In a two year s p l i t - p l o t f i e ld t r i a l , Upasani and 
Sharma (1986) studied the ef fec t of three leve ls of ni t rogen, 
namely 15, 30 and 45 kg N/ha and four leve ls of sulphur, namely 
0, 30, 60 and 90 kg S/ha on mustard cv. T-59 under dryland 
condit ions a t Varanasi (U.P . ) . During both years , 30 and 60 
days a f t e r sov/ing, 30 kg N/ha s ign i f i can t ly increased number 
of functional leaves , leaf area index and dry matter accumula-
t i o n . On the other hand, a l l l eve ls of sulphur a t a l l growth 
stages v;ere s ign i f i can t ly superior t o the control in case of 
leaf number and leaf area index as well as dry matter 
production. 
2.5 Foliar Application of N, P, K and S 
I t i s well knovm to farmers for centur ies t ha t continuous 
cropping in a f ie ld may deplete i t s nu t r i en t l eve l i f i t i s not 
replenished t imely. Farmers, therefore , apply large amount of 
f e r t i l i s e r s to t h e i r f i e lds to ensure good harves t . However, 
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the nutrients added to the soil are not rendered fully available 
to the plants being major part of them is lost due to various 
processes such a^ fixation, leachint'^ , deeompoaition etc, 
(Russell, 1950). Keeping these in view, different methods for 
fertiliser application like top dressing, foliar spray have been 
suggested from time to time to avoid \^ fastage of soil applied 
fertiliser at the time of sowing. Spray of dilute solution of 
nutrients to aerial parts of plant (foliar spray) has been 
proved very efficient in recent years for improving the yield 
and quality of several crops and has been adopted universally. 
In countries like India, v/here farmers are generally poor and 
even could not manage to provide optimum dose of fertiliser to 
crops, foliar spray technique has proved more efficacious and 
economical. Contrarily, top dressing which requires large 
quantity of fertilisers to be applied, has its own limitations 
e.g. generally urea is top dressed while top dressing of 
phosphorus and potash have not been found beneficial and 
economical. It is more convenient to spray dilute solutions of 
nutrients to aerial parts of standing crops at various stages 
of grov/th and development. 
The technique could also prove effective when conditions 
exist for nutrient uptake in soils are poor like lov/ soil 
moisture availability due to drought or other abnormal soil 
conditions such as soil salinity or ground frost. Furthermore, 
to save the time and labour the nutrients could also be applied 
alongwith the routine pesticide solutions and thus making the 
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technique extremely economical. However, it may also be pointed 
out at the same time that the foliar fertilisation cannot be 
claimed to be a total replacement of the conventional practice 
of basal application of fertilisers. 
Although, foliar application of fertilisers among farmers 
became popular only recently, it is not an altogether new 
technique. This novel technique was first used by Forsyth as 
early as 1803 (Bould, 1963). However, V/ittwer and Bukovac (1969) 
in their review on foliar fertilisation cited that credit for 
it goes to Gris, who published one of the earliest reports on 
foliar absorption of mineral nutrients in 1844, Astonishingly 
for a long time, the technique was employed only to correct the 
diseases caused by the deficiency of micronutrients. Until 
middle of the present century, the macronutrients were rarely 
used by spray method. Since 1951, by the use of radio-isotopes 
through foliar spray it has now become possible to measure the 
accurate amount of nutrients required by plants at different 
sta«^ es of growth and development (Silberstein and Wittwer, 1951; 
Boynton, 1954; Wittwer and Teubner, 1959; V/ittwer and Bukovac, 
1969). 
The foliar application of mineral nutrients by spray 
se ^ms to supply nutrients to higher plants more rapidly than 
soil application. The major advantages of the technique are: 
1. A considerable part of nutrients applied to the soil is 
fixed and becomes unavailable to the crop. However, this 
loss may be saved by applying the nutrients in the form of 
dilute sprays to leaves. 
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2. olow absorption of soil-applied nutrients often cauoes 
deficijncy of certain minerals in plrnts. Foliar fc'jdin^ , 
howevor, io quicker in rectifying such deciency, 
3. Some crops like sugarcane remove large quantities of 
nutrients during early stages of vegetative prov/th and 
need supplemental supply of nutrients at later'stage v/hen 
soil-application of nutrients is not feasible (Ali, 1981)• 
This requirement is generally fulfilled by the foliar 
application of nutrients. Similarly in cereals like 
wheat, barley and triticale and oilseeds, foliar application 
of nitrogen and phosphorus has been found to increase the 
yield and improve the quality of seed of these crops 
(De, 1971; Afridi and Wasiuddin, 1979; Afridi, 1983). 
4. It has been reported that some micronutrients like boron, 
copper and iron, v;hen applied to soil become immobile. 
However, plants absorb these nutrients easily when sprayed 
on aerial parts in the form of dilute solution (Boynton, 
1954). 
5» In semi arid regions, where the nutrient absorption is very 
slow due to lack of sufficient available water in the top 
soil, foliar application is very effective (Marschnar, 1986). 
6, In calcareous soils, iron deficiency is wide spread nnd 
foliar feeding has proved more effective than soil appli-
cation of expensive iron compounds (Horesh and Levy, 1981), 
In soils with a high pH, manganese deficiency is very common 
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v/hich can be overcome e f fec t ive ly by f o l i a r sprays conta in-
ing manganese (f^rley and Draycott, 1978). 
7 . Daring reproductive stage due t o i^pid supply of carbo-
hydrates to sink, root a c t i v i t y and thus nu t r i en t uptake 
by the roots dec l ine . Fol iar sprays of def ic ien t nu t r i en t s 
thus can compensate for t h i s decline (Trobisch and 
Schi l l ing , 1970). 
8 . In cereals such as wheat the qual i ty of seeds in terms of 
p ro te in content can be increased quite readi ly by the 
f o l i a r app l ica t ion of ni trogen a t l a t e r stages of growth. 
Nitrogen applied a t t h i s stage i s rapidly remobilised from 
the leaves and d i r e c t l y t ransported to the developing 
grains (Michael e t al_., 1960). 
The process of f o l i a r absorption begins v/ith the pene t ra -
t ion of nu t r i en t s through the cu t i cu la r f i s sures and crevices 
and outer va i l s of epidermal c e l l s . In the second stage these 
substances move probably through f ine , th read- l ike subraicroscopic 
s t ruc tu res cal led ectodesmata and are adsorbed on the surface 
of plasma membrane, wherefrom in the th i rd stage they are taken 
up in to the cytoplasm in a process requir ing metabolical ly 
derived energy. These phases m.ay d i f fe r in duration and 
in t ens i t y in d i f ferent species (Franke, 1957). 
Following absorption of nu t r i en t s in to the pro toplas t 
of epidermal c e l l s , the nu t r i en t s are t rans located to other 
a reas of leaf and to other p lant p a r t s , including, r o o t s . 
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Transport of leaf-applied nutrients occurs via phloem. The 
rate and the amount of transport varies with element (Williams, 
1955). Baver (1963) reported that nitrogen moved to the places 
of metabolic demand compared to the points of loivest concentra-
tion. 
The plant readily shows the response of uptake of leaf-
applied mineral nutrients in the form of changes in colour, 
composition, growth and yield of various organs. It is an 
active process dependent on temperature, light and oxygen. It 
is irreversible and occurs against concentration gradient and 
is influenced by metabolic inhibitors. Some mineral nutrients 
like calcium, magnesium, nitrogen, potassium and zinc are 
absorbed very rapidly v/hile others, like iorn, molybdenum, 
phosphorus and sulphur are absorbed rather slowly (Wittwer, 1964), 
The rate of mineral nutrients absorption by leaves 
depends on a number of factors like plant type, species, leaf 
area, morphological stage, rate of growth, nutrient status of 
plant, leaf age, prevailing v/eather conditions, time of spraying 
and pH of spray solution (Wittwer and Buckovac, 1969; De, 1981; 
Marschner, 1986). 
A great deal of work on commercial application of foliar 
sprays of nutrients has been done on vegetables abroad (l-'ayberry, 
1951; Montelaro et al,, 1952; Martin, 1954; Wittv/er et a^ .^, 1957), 
sugarcane (Burr et al., 1956) and sugar beet (Klechkovski, 1956; 
Thome and Watson, 1953). 
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In India, the f i r s t report on fo l i a r appl ica t ion usinp; 
urea i s of Sadaphal and Das (1956). This was followed by the 
work of others (Anonymous, 1958; Barat and Das, 1962; Eannan 
and Ranganathan, 1963; Ranganathan and Gtovindan, 1964; De and 
Seth, 1955; De e t al_., 1968). 
At Aligarh, v/ork on fo l i a r n u t r i t i o n of various crops 
was s ta r ted in the ear ly pa r t of seventies by Afridi and his 
a s s o c i a t e s . Examples are the works of Samiullah (1971), Afridi 
and Samiullah (1973), Khaliq (1975), Gfeiseem (1975), Samiullah 
and Afridi (1975), Naqvi (1976), Afridi et. a l . (1977), Afridi 
et. a l . (1978b). Inam (1978) and Abbas (1980) on cerea ls ; 
Al i (1981) on sugarcane, Akhtar (1985) on pulses and Naqvi (1976), 
Naqvi e t a l . (1977), Afridi e t a l . (1978a), Parvaiz (1980), 
Parvaiz et_ a a . (1982), Afridi et_ a l . (1983), Mohammad (1984), 
Samiullah e t a l . (1985), Mohammad et. a j . (1986) and Mohammad e t a l . 
(1987) on o i l seeds. 
The work done in India on f o l i a r n u t r i t i o n of mustard 
i s b r ie f ly reviwed in the following paragraphs. 
De (1971), in a review of the work done in India on f o l i a r 
f e r t i l i s a t i o n of var ious crops including ce r ea l s , vegetables , 
o i l seods. and legumes, ci ted his own work done on mustard. He 
reported tha t the yield increased considerably when ni trogen was 
applied p a r t l y through the roots and parly through the l eaves . 
The s p l i t doses 40 + 40 or 60 + 20 ( s o i l : f o l i a r ) were proved 
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b e t t e r than other s p l i t combinations, or when the same quantity 
of ni trogen was applied through s o i l , 
Lahiri and De (1971) conducted experiments using severa l 
combinations of s o i l and leaf-appl ied nitrogon on mustard and 
reported considerable increase in yield by supplying pa r t of 
ni t rogen through the fo l i age . They found tha t app l ica t ion of 
100 kg N/ha pa r t l y through foliage (60 s o i l + 40 fol iage) gave 
higher yield than even by so i l -appl ied 120 kg N/ha, 
Saran and De (1979), working with rape (B. napus Linn,) 
during 1971-74, found tha t optimum dose of ni t rogen was 57.5 kg 
N/ha in 1971-72 and 69.8 kg N/ha in 1973-74. The response was 
l i n e a r in 1972-73. They further noted tha t the app l ica t ion of 
two-thirds of the nitrogenous f e r t i l i s e r through s o i l alon^- ' i th 
one-third through foliage increased seed yield in d r i e r years 
when s o i l moisture was not adequate to make the s o i l applied 
ni trogen fully a v a i l a b l e , 
Naqvi et_ a J , (1977) studied the effect of f o l i a r spray of 
phosphorus and sulphur, alone and in combination, on mustard 
v a r i e t y Laha-101 a t Aligarh (U.P . ) . Phosphorus was applied 
basal ly a t the ra te of 0, 20 and 40 kg P^Oc/ha alongwith 
60 kg N and 40 kg K^O/ha. Plants were sprayed with 2 kg P.O^/ha 
as sodium dihydrogen orthophosph'ate and 1 kg S/ha as sodium 
sulphate, alone or in combination, a t flowering and f ru i t ing 
s t ages . They reported tha t S spray a t flowering alone produced 
the t a l l e s t p l an t s , 8,7 per cent t a l l e r than the P-sprayed p lan t s . 
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However, P-spray a t f ru i t ing produced the t a l l e s t p l a n t s , 
showing 3.0 per cent increase in height over the con t ro l , 
P-spray recorded 15.6 per cent more fresh weight than the 
con t ro l . At the f ru i t ing s tage , a l l spray treatments Increased 
the fresh v;eight s ign i f i can t ly over the controls but the values 
were a t par v/ith each o ther . Dry weight v/as maximum a t 
flov/ering stage in P+S-spray t rea tments , being 14.6 per cent 
more than 3-spray a lone, v/hich gave the lowest va lue . The 
in t e rac t ion P-spray x 20 kg basal P_Oc/ha gave maximum values 
for both fresh and dry weight. At the f ru i t ing s tage , however, 
a l l three growth c h a r a c t e r i s t i c s , namely height , fresh weight 
and dry weight showed maximum response to S-spray x 40 kg basal 
P„Oc/ha. Seed yield was highest in p lan t s sprayed with phosphorus 
a lone, giving 25.8 per cent more than the con t ro l . However, the 
value did not show c r i t i c a l difference from tha t for p lants 
sprayed with phosphorus plus sulphur. They concluded tha t 
Laha-101 can be gorwn prof i tab ly v/ith ?0 kg P^Oc/ha supplemented 
by two sprays of ? kg P^O^/ha each a t flowering and f ru i t ing 
s t ages , 
Afridi et_ s a , (1978a) studied the effect of f o l i a r 
app l ica t ion of phosphorus on mustard v a r i e t y Laha-101 a t Aligarh 
(U,P , ) . A uniform dose of urea a t the rate 60 kg N/ha was 
applied a t the time of sowing. Various leve ls of phosphorus 
were sprayed with or without 0,74 1/ha of 'Dimecron-lOO*, viic. , 
0 (PQDO^* '••^^5 (P^DQ, P ^ D ) , 2.730 (P2DQ, P^D) or 5.460 (P^DQ, 
P^D) kg P^O^/ha, In addi t ion , the lowest dose (1,365 kg p205/ha) 
53 
of phosphorus with or without 'Dirnecron-100* was sprayed twice 
a t 70 and 90 daya a f t e r sowing (2 x P^DQ or 2 X P ^ D ) , They 
reported tha t highest seed and o i l y ie ld , 63 and 15 per cent 
respect ively more than the con t ro l , was obtained in treatment 
2 X P^D followed by treatment P^ ^D. However, these treatments 
(2 X P^D and P-^ D) reduced the p ro te in content of seeds compared 
t o the con t ro l , 
Vir and Verma (1979) conducted t r i a l s on mustard va r i e ty 
T~59# They applied tv/o leve ls of ni trogen (30 and 60 kg N/ha) 
and three methods of appl ica t ion ( 1 • fu l l dose of ni t rogen as 
basal , 2 . three fourth as basal with one fourth as f o l i a r and 
3 . half as basal and half as f o l i a r ) . They reported tha t 
ni trogen applied three fourth as basal with one fourth through 
foliage gave the best r e s u l t s . Of the doses t r i e d , 60 kg N/ha 
(three fourth as basal and one fourth as f o l i a r ) proved to be 
the most economical dose, giving a net p ro f i t of Rs. 4,547/ha. 
Afridi et_ al^. (1983) conducted a s p l i t - p l o t f ie ld t r i a l 
a t Aligarh (U.P.) t o find out the effect of various combinations 
of leaf-applied ni t rogen, phosphorus and sulphur (N, P, 3, NP, 
NS, PS and NPS), in the presence of two basal doses of ni trogen 
and phosphorus i . e . 60 kg N + 20 kg PjO^ and 30 kg N + 10 kg 
P20c/ha, on yield a t t r i b u t e s of mustard (Brassica juncea v a r , 
Laha-101). Fol iar spray of n i t rogen, phor>phorus and sulphur was 
done a t the r a t e of 20 kg N/ha, 2 kg F^Oc^/^ and 2 kg S/ha 
respect ive ly in two equal s p l i t s a t 70 days (flowering stage) and 
90 days ( f ru i t i ng s tage) a f t e r sowing. Moreover, a uniform dose 
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of 40 kg KpO/ha was a lso added to both main p l o t s . The basal 
doses were riven in main p lo t s v;hila sub-plots received fo l i a r 
t rea tments . A perusal of data indicate t ha t ni t rogen spray-
e i t h e r alone or in combination with phosphorus or sulphur 
increased pod and seed production and consequently seed yie ld; 
whereas the maximum h e c t o - l i t r e v/ei.'^ht and o i l percentage was 
obtained by the spray of PS. The combined spray of ni t rogen, 
phosphorus and sulphur was, however, found to bo the best for 
both seed and o i l y i e l d . The higher basal dose (N^QPOQ) ^^^ 
found to be optimism for pods per p lan t , seeds per pod as v/ell 
as seed and o i l y ie ld , whereas, lower dose (N^QF-JQ) proved 
optimum for h e c t o - l i t r e weight and o i l percentage. 
I t was fur ther noted tha t a l l spray treatments gave 
superior values a t higher basal dose (%o^20^ ^°^ most of the 
charac te r s , including seed and o i l y i e l d . However, the values 
for hec to - l i t r e weight and o i l percentage were maximum with 
the lower basal dose C^'^^QP^Q), On the basis of t h e i r experiment, 
for optim\:im yie ld of lBha-101, authors recommended the combined 
spray of 20 kg N + 2 kg P^O^ + 2 kg S/ha alongv/ith a basal dose 
of 60 kg N + 20 kg P^O^ + 40 kg K20/ha, 
In another experiment a t Aligarh,S^miullah e t a l . (1985) 
studied th-? ef fect of two basal treatments of n i t rogen and 
phosphorus supplemented with a spray of ni t rogen, phosphorus and 
sulphur, on six high yielding v a r i e t i e s of mustard (Brassica 
.juncea L, Czern. and Goss.) , namely Oppressed Mutant, R,75-2, 
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RL-78, T-11, T-15 and Varuna. Basal treatments of 40 kg N + 
20 kg P^O^ (N^0^20) ^^^ 60 kg N + 40 kg P^O^ (%o^4o) ^^^^ 
given to the two main p l o t s . A uniform basal dose of 40 kg 
KpO/ha a t the time of sowing, and a spray dose of 20 kg W + 
8 kg PpOc + 2 kg S/ha (N20^8^2'^ ^'^^ applied in two instalments , 
v i z . , half a t seventy days (flowering stage) and the remaining 
half a t ninety days (Frui t ing s t a g e ) . 
The basal treatment %o^40 ^'^^ found b e t t e r for most of 
the yield c h a r a c t e r i s t i c s in a l l the v a r i e t i e s t e s t e d . This 
dose increased pods/plant by 50.4 per cent , seeds/pod by 5.2 
per cent, seed yield by 32.8 per cent and o i l yield by 29.1 
per cent over the respective values for N-^QP^Q; but decreased 
the o i l content by one per cen t . I t i s noteworthy, hov/ever, 
tha t higher seed yield a t N^QP^Q ^resulted in considerably 
enhanced o i l y i e l d . Of the v a r i e t i e s t e s t ed , Varuna produced 
17.8 per cont more seeds and 20,6 per cent more o i l than 
Appressed Kutant, v;hich gave the poorest seed and o i l y i e l d . 
Var ie t i es R.75-2, T-16 and T-17 were noted to be a t par with 
Varuna in o i l y i e l d . All v a r i e t i e s , a t higher basal dose 
(N^QP^Q), gave h i rhar seed and o i l yield over N^Q^PO* '-^ '^ US 
seed and o i l yield were enhanced by 56.7 and 55.3 per cent in 
R,75-2 and by 31.2 per cent and 26,3 per cent in Varuna 
re. ipectively, ind ica t ing t h e i r high ni trogen and phosphorus 
requirement. On the other hand, t h i s increase in v a r i e t y T-11 
was 14.6 and 9 per cent in T-17, 13.7 and 10,8 per cent only, 
thereby indica t ing t h e i r low requiremont of basal ni trogen and 
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phosphorus; i f a supplemental f o l i a r spray of bhese nu t r i en t s 
i s given l a t e r . Variety Appressed Mutant, though, shov/ed an 
increase of 11.9 per cant in seed yield a t N^QP^Q over N^Qppo* 
showed no dlffference between the o i l yie^lcls a t the two l e v e l s . 
I t was concluded, therefore , tha t supplemental spray of 
^20^32 ^ v e b e t t e r r e su l t s a t the higher basal dose (N^QP^Q)* 
than a t N^o^20* ^ ° ^ g '^^^ v a r i e t i e s t e s t ed , R.75-2 and Varuna 
£;ave overal l b e t t e r performance. 
Samiullah e t al_. (1984) a t Aligarh in a s p l i t p lo t f ield 
experiment, studied the effect of b?sal and f o l i a r appl ica t ion 
of nitro^f^en and phosphorus on y ie ld and yield a t t r i b u t e s of 
mustard v a r . Varuna. The treatments comprise spray of five 
doses of ni trogen (0, 5 , 10, 15 and 20 k.'^  N/ha) v/ith or without 
phosphorus and sulphur (2 kg each of "Pp^^ ^''^'^ S/ha) in the sub-
p lo t s and two leve ls of basal n i t rogen and phosphorus (40 kg N + 
20 kg PpO^ and 60 kg N + 40 kg PpOc) in the main p l o t s , A 
uniform basal dose of potassium (40 kg KpO/ha) x^aa applied in 
main p l o t s . 
They found tha t a l l spray treatments gave s ign i f i can t ly 
more pods/plant , seeds/pod and t o t a l seed yie ld than the 
c o n t r o l . Treatment N2QP2S2 produced raoximum number of pods/ 
p lan t , seeds/pod and seed yield showing an increase of 36.16, 
16.16 and 44,51 per cent respect ively over the con t ro l . They 
fur ther noted tha t a l l spray combinations with higher basal 
dose (Ngo^i^o^O^ ^^® b e t t e r resi j l ts , though N20P222 P^°^^^ ^^s"^ 
a t both basal l eve ls for a l l y ie ld c h a r a c t e r i s t i c s . The spray 
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treatment NcPgSp was found to give maximum o i l percentage, 
3,49 per cent more than the con t ro l . I t v/as fur ther observed 
t h a t spray of increasing doses of nitrogen alone decreased 
o i l percentage, but the addi t ion of phosphorus and sulphur a t 
each level of ni trogen increased the o i l percentage. I t was 
a l so noted tha t N, P and 3 spray with %o^40 ^"^^ higher values 
for o i l percentage than t h e i r respect ive counte rpar t s . They 
f i na l ly concluded tha t spray treatment '^20'^2^? with a basal 
dose of N^QF^Q proved best for obtaining maximum seed and o i l 
y i e l d . 
Parvaiz and Afridi (1985) a t Aligarh (U.P.) , in a 
f a c t o r i a l randomised f ie ld experiment, studied the response of 
four v a r i e t i e s of mustard, namely BR-40, Laha-101, T-11 and 
Varuna to fo l i a r f e r t i l i s a t i o n with ni t rogen, phosphorus and 
sulphur. The various combinations of leaf-appl ied ni t rogen, 
phosphorus and sulphur (N+P, N+3, P+S, N+P+S) v/are 'riven a t 
the ra te of 20 kg N + 2 kg ^2^^^"^ ^ ^S -S/ha in tv/o operations 
a t 70 and 90 days a f t e r sowing. A basal dose of 40 kg N, 
20 kg PpOc and 40 kg KpO/ha was uniformly applied in a l l 
t rea tments . I t was observed tha t f o l i a r treatments containing 
ni t rogen (NS, NP and NPS) gave higher seed and o i l y ie ld ; whereas 
spray of P3 gave maximum h e c t o - l i t r e vreight and o i l percentage. 
Among the four v a r i e t i e s taken, Varuna proved best for a l l 
yield characters followed by Iaha-101, BR-40 and T-11. As for 
the in te rac t ion between treatment x var ie ty i s concerned, 
NS X Varuna proved best for seed and o i l yield followed by 
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NP X Varujia and NPS x Vamina. I t was noted tha t a l l v a r i o l t i e s 
in terac ted b e t t e r with nitrogen containing sprays than with 
spray of PS. 
Mohnmmad a t aX. (1986) a t Aligarh (U.P.) in a simple 
randomised f ie ld experiment studied the grovrth and yield 
a t t r i b u t e s of ten v a r i e t i e s of mustard (Brassica .juncea L. 
Czern© & Coss.) by applying combined spray of ni t rogen, phosphorus 
and sulphur. The v a r i e t i e s selected for the study were, 
Appressed Mutant, Pusa Kisan, Pusa Kranti , ?i.75-2, RIK-3, 
RL-18, RS-3, T-11, T-16 and Varuna. A uniform spray dose of 
20 kg N + 8 kg Pp^s •*• 2 kg s/ha v/as applied in two equal s p l i t s , 
half a t 70 days (flov/ering s tage) and the remaining half a t 
90 days ( f ru i t ing s t a g e ) , A uniform basal dose of 60 kg N + 
40 kg P20^ + 40 kg K^O/ha vras a l so appl ied . Variety R.75-2, 
v/as reported to give maximum seed y ie ld , 22.3 per cent more than 
Pusa Kisan (a t par with RIK-3 ) , the poorest y i e l d e r . I t 
a l so produced the maximiin pods/plant and seeds/pod, being 
39.3 per cent and 14.3 per cent respect ive ly more than Pusa Kisan 
tha t gave the lov/est values for these parameters. I t was a l so 
noted t t e t Varuna \'nis a t par with t ha t of R.75-2 in seed yie ld; 
but in case of Varuna, contr ibut ing factors included hecto-
l i t r e v;eight a l so in addi t ion t o pod and seed number. Varuna, 
the maximum seed y ie lder , h ^^  out—^aelded othor v a r i e t i e s in an 
e a r l i e r experiment of the authors with the s'ime bpsal dose 
(M^QP^QI^Q) but without supplemental spray of NPS. i^Hnile 
v a r i e i t i e s R.75~2, RL-18 and Ro~3 gave good response to the 
spray t reatment . On the other hand, Appressed Mutant did not 
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respond well to the nnny t reatment . The authors concluded 
tha t of the ten v a r i e t i e s t e s t ed , four namely R,75-2, RL-18, 
RS-3 and Varuna showed rrood response to the combined app l i ca -
t ion of basal and fo l i a r n u t r i e n t s . 
Ilohaunad e t a l . (198?) working a t Ali^-arh (U.P.) corif'ucted 
a simple randomised f iold experimant to find out the effect of 
var ious ni trogen leve l s and methods of ni t rogen, phosphorus and 
sulphur appl ica t ion on ^,ro'-'th and yinid a t t r i b u t e s of mustard 
(Brassica juncea v a r . Varuna). Ten treatments included in the 
study were: B^^Q + F^ ^ (cont ro l ) , B^^Q + T^^Q, B^^Q + T^^Q, 
^N45 * % 5 ' %90 * ^N20» %60 "*• %20' %45 **" %20» %90%20^8^2» 
%60 "** %20P8S2 ^""^ %45 "* ^N20P8S2- ^ uniform dose of 45 kg 
each of P2OC and 1^20/1:^  v;as applied basa l ly . They found tha t 
among ten treatments t r i e d , B^^Q + Fjvj20P8S2 P^°ved best for a l l 
grov/th and yield c h a r a c t e r i s t i c s , giving 23.8 per cent more 
pods/plant , 3.0 per cent seeds/pod, 0.8 per cent h e c t o - l i t r e 
v/GJp-ht, 14.3 per cent seed and I3 . I per cent oi l yield as 
compared to the cont ro l (%9o"^%)' '^ ^^® other hand, the 
lowest seed and o i l yield \vas reported in treatments B„gQ + "^MpO 
and Bj^ oQ + ^npo> i^espectively; being 2.7 per cent and 10.8 per cent 
respect ively less ' than the con t ro l . Moreover, i t was noted tha t 
of the three top-dressing t reatments , BwgQ + '^^30 surpassed the 
control (BTTOQ "*" F^) by 3«6 per cent for seed and 2.5 per cent 
for o i l y i e ld . I t was further reported th-it addi t ion of 
phosphorus and sulphur in spray treatment enhanced both seed 
and o i l yield s i £ ^ i f i c a n t l y . They a l so confirmed the super ior i ty 
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of spray treatment over top dressing because B|^J5o^ '^I20 S^ ve 
hif;her yield than i^]yj6o'^N30 ^ "^ °-'^^° saved 10 kg N/ha, 
It was, therefore, concluded by the authors that : 
^^) %|60 ^°^ ^N45^ "^  ^ N20P832 ^^® better yield than all 
other treatments 
(ii) application of more than 90 kg K'/ha either as basal + 
top dressing or basal + spray proved deleterious and 
(iii) application of 45 kg N/ha at the time of sov/ing proved 
insufficient inspite of supplemental nitrogen as top-
dressing or spray. 
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CHAPTER - 3 
MATERIAL AND METHODS 
3.1 Proposed Study 
The aim of the present study is to determine the optimum 
requirement of nitrogen, phosphorus, potassium and sulphur of 
newly evolved varieties of mustard. It has also been proposed 
to find out the meritorious of fertiliser application. Therefore, 
five field experiments are designed to be carried out during 
the rabi seasons of the following three years. The experiments 
will be performed at University Agricultural Farm. In conduct-
ing these experiments standard agricultural practices regarding 
the method of sowing, irrigation, weeding, pest control and 
harvesting will be adopted. 
3.2 Preparation of the field 
First ploughing of the experimental field will be done 
before the commencement of the rainy season in the month of 
June for maximum aeration and eradication of weeds. After 
rainy season • field will be ploughed once more to eliminate 
the remaining weeds. Thereupon, the standard farm practices 
required for mustard cultivation will be applied to prepare 
the field for sowing. Experimental plots of 10 sq m. size will 
be prepared. Prior to sowing each plot will be irrigated to 
maintain the proper moisute content in the sub-surface of the 
soil. 
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3.3 Soil Analysis 
Soil samples v/ill be col lected randomly before sowing 
every year from each p lo t from a depth of about 10-15 cm. All 
the collected s o i l samples wi l l be mixed thoroughly to form 
a composite sample which wi l l be analysed for various physico-
chemical p roper t ies of the s o i l of the experimental f i e l d . 
The following c h a r a c t e r i s t i c s of the s o i l wi l l be determined: 
Charac te r i s t i cs 
1. Texture 
2. Particle size distribution 
Sand % 
Silt % 
Clay % 
3. PH (1:2) 
4. Electrical conductivity 
E.G. (1:2) m mhos/cm 
5. Available nitrogen (N) 
(kg/ha) 
6. Available phosphorus (P) 
(kg/ha) 
7. Available potassium (K) 
(kg/ha) 
8. Available sulphur (s) 
(kg/ha) 
9. Calcium carbonate 
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3.4 Procurement of seeds 
The authent ic seeds of recent ly released v a r i e t i e s of 
mustaxd wi l l be procured from Breeder, I.A.R.I«,New Delhi 
and Regional Research Stat ion, Kanpur* Ifealthy seeds of 
uniform size v/ill be selected and tes ted for germinabi l i ty . 
The seeds wi l l be surface s t e r i l i s e d with 95 per cent ethanol 
before sowing. 
3.5 Experiment 1 
This experiment will be performed in the rabi season 
of 1989-90 in a factorial randomised block design. The 
experiment will be carried out to study the comparative perfor-
mance of four different sulphur sources on growth, yield and 
quality of oil of two newly released varieties of mustard along 
with Varuna as the check. Sulphur from four sources will be 
supplied at the rate of 40 kg S/ha. The names of the varieties 
and sulphur sources are given below. 
Var ie t ies 
1 . Rohini 
2 . Yaibhav 
3 . Varuna 
Sulphur sotirces 
1 . Single superphosphate 
2 . Potassium sulphate 
3 . Galciuim sulphate 
4 . Iron pyr i t e 
Sk 
A xiniform basal dose of nitrogen, phosphorus and 
potassium will be applied in the form of urea, diammonium 
phosphate (DA.P) and muriate of potash at the time of sowing. 
In case of sulphur from single superphosphate the dose of 
phosphorus will be adjusted with DAP together with taking 
phosphorus content of single superphosphate into account. 
Similarly, nitrogen and potassium dose will be adjusted with 
urea and muriate of potash by taking nitrogen and potassix^ m 
contents of DAP and potassiiom sulphate respectively into 
account. 
The experiment will consist of twelve treatments, 
each replicated thrice (Table 1). The size of the plot will 
be 4 m X 2,5 m each and the seed rate 10 kg/ha. 
Table 1, Scheme of treatments 
Sulphur sources 
Yg^  j»2.e t i e s ' n i l , 
Single PotassixM Calcium I ron 
superphosphate su lpha te su lpha te p y r i t e 
Rohini 
Vaibhav 
Varuna 
3.6 Experiment 2 
This experiment will also be parformed in the rabi 
season of 1989~90. The design of the experiment will be 
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factorial randomised. In this experiment out of five potassium 
doses, viz., 0, 20, 40, 60 and 80 kg K/ha, the best dose for 
each variety will be selected on the basis of its performance 
with reference to growth, yield and quality of oil of each 
variety separately. Potassium will be applied in the form of 
muriate of potash. A uniform basal dose of nitrogen and 
phosphorus will be given in the form of urea and diaramonium 
phosphate respectively at the time of sowing. The amount 
of nitrogen will be adjusted with urea by taking nitrogen of 
DAP into account. 
In all there will be fifteen treatments, each 
replicated thrice ("Sable 2). The size of each plot will be 
4 m X 2.5 m and seed rate 10 kg/ha. 
Table 2. Scheme of treatments 
Potassium (kg/ha) 
Varieties 
Rohini 
Vaibhav 
Varuna 
0 20 40 60 80 
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3.7 Bxperiment 3 
A factorial randomised field experiment will be 
conducted in the rabi season of 1990-91 on the variety responded 
best in Experiments 1 and 2. The aim of the experiment will 
be to find out the optimxim dose of sulphur and potassium and 
of sulphur and potassium interaction. The source of sulphur 
will be selected from Experiment 1 and of potassium from 
Experiment 2. Five different doses of sulphur and potassium 
each at the rate of 0, 20, 40, 60 and 80 kg/ha will be tried 
separately and in combination. The optimum dose of potassium, 
sulphur and their interaction will be selected on the basis of 
their effect on growth, yield and quality of oil of mustard 
variety. A uniform basal dose of nitrogen and phosphorus in 
the form of urea and diammonium phosphate will be given at the 
time of sowing. The contents of nitrogen, phosphorus, potassium 
and sulphur will be adjusted as described in Experiments 1 and 2. 
Thus, the experiment will comprise twenty five treatments, 
each with three replicates (Tfeible 3). The plot size and seed 
rate will remain same as in previous experiments. 
Table 3. Scheme of treatments 
Potassiiom (kg/ha) 
0 
Sulphur (kg/ha) 
20 40 60 80 
0 
20 
40 
60 
80 
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3.8 Experiment 4 
This experiment will be performed in the rabi season 
of the year 1990-91 in a factorial randomised block design. 
The aim of the experiment will be to find out the best dose 
of nitrogen and phosphorus and of their interaction on grov/th, 
yield and quality of the variety proved best in Experiments 1 
and 2. Five doses of nitrogen as urea and phosphorus as DAP 
will be given in all possible combinations each at the rate 
of 0, 20, 40, 60 and 80 kg N and F2,'^^/ha, The amount of 
nitrogen in diammonium phosphate will be adjusted with urea, 
A uniform basal dose of potassium in the form of muriate of 
potash, as will be established in Experiment 2, will be given 
at the time of sowing. 
Thus, the experiment will comprise twenty five treatments, 
each with three replicates (Table 4 ) , The plot size and seed 
rate will be same as in previous experiments. 
Table 4. Scheme of treatments 
,, . . Nitrogen (kg/ha) 
Phosphorus (kg/ha) - J5 ] ^ g5 ^ 5 — 
0 
20 
40 
60 
80 
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3.9 Experiment 3 
In this experiment, the variety selected on the basis 
of Experiments 1 and 2 will be subjected to a factorial 
randomised experiment in the rabi season of 1991-92. The aim 
of the experiment will be to determine the appropriate stage 
and mode of fertiliser application. Full dose of sulphur and 
potassium as xvill be established in Experiment 3 will be applied 
in two instalments i.e. half at 70 days (flowering stage) and 
the remaining half at 90 days (fruiting stage) through top 
dressing or foliar application. A xiniform basal dose of 
nitrogen and phosphorus in the form of urea and DAP respectively 
will be given at the time of sowing. The contents of nitrogen, 
phosphorus, potassium and sulphur will be adjusted as described 
in Experiments 1 and 2. The scheme of treatments is given 
in Table 5. 
ThuSf the experiment will consist of twenty six treatments 
each with three replicates. The plot size and seed rate will 
be same as in previous experiments. 
3.10 Sampling technique 
Five plants will be randomly selected from each plot 
to study the growth and development and N, P, K and S contents 
of leaf at three different stages, viz., 50, 70 and 90 days 
after sowing corresponding to vegetative, flowering and 
fruiting stages, respectively. The yield and quality 
characteristics will be studied at harvest. 
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Table 5. Scheme ot treatments 
Basa 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
:1 sulphxir 
Full 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
Supplemental 
Foliar 
Application 
0 
1/2 at 70d 
0 
1/2 at 90d 
0 
1/4 at 70d + 
1/4 at 90d 
0 
1/3 at 70d 
0 
1/3 at 90d 
0 
1/6 at 70d + 
1/6 at 90d 
0 
sulphur 
Top dressing 
(soil) 
0 
0 
1/2 at 70d 
1/2 
1/4 
1/4 
1/3 
1/3 
1/6 
1/6 
0 
at 90d 
0 
at 70d + 
at 90d 
0 
at 70d 
0 
at 90d 
0 
at 70d + 
at 90d 
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3.10.1 Qrowth characterist ics 
The following growth characteristics will be studied at 
three gro^ jrth stages mentioned above. The data will be recorded 
on per plant basis; 
(i) Height (cm) 
( i i ) Leaf number per plant 
( i i i ) Leaf area (cm^) 
( iv ) Total fresh weight (g) 
(v) Shoot fresh weight (g) 
(v i ) Root fresh weight (g) 
( v i i ) Total dry weight (g) 
( v i i i ) Shoot dry weight (g) 
( ix) Root dry weight (g) 
(x) Root length (cm) 
3.10.2 Net Assimilation Rate 
Net ass imi la t ion ra te (NAR) i s the measurement of accumu-
l a t i o n of dry weight per un i t l eaf area per un i t time for a 
given time per iod . I t i s expressed as grammes per square d e c i -
meter of leaf and i s represented by E^. 
Net ass imi la t ion ra te wi l l be calculated according to 
the formula of Gregory given in 1926 v/hich was l a t e r adopted by 
Watson (1947a, b ) and i s given below: 
-= 1.x 2.303 ^ ^ 
•^ 2 - t^ (^2 "" ^1) 
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where W^  and Wp are the total dry weights, and a^ and a^ the 
total leaf area at times t^ and t2 respectively. 
For calculating net assimilation rate, the following 
data will be required: 
(a) Total dry weight per plant 
(b) Leaf number per plant 
(c) Leaf area per leaf and per plant 
3.10.3 Yield characteristics 
At harvest the following y ie ld c h a r a c t e r i s t i c s w i l l be 
studied : 
( i ) Number of pods per p lant 
( i i ) Ntiraber of seeds per pod 
( i i i ) Efecto-litre weight of seeds (kg) 
( iv) Seed yie ld (kg/ha) 
(v) Oil yield (kg/ha) 
3.10.4 Quality characteristics 
The following parameters will be studied at the time of 
harvest to determine the quality of oil j 
(i) Oil percentage of seeds 
(ii) Acid value 
(iii) Iodine value 
(iv) Refractive index 
(v) Saponification value 
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3.10.5 Leaf analysis 
The randomly selected samples of leaves from each plot 
will be taken and washed thoroughly to remove the dust and other 
foreign particles. These leaves will be kept for 24 hours in 
an oven at 80^0 and will be powdered and pass through a 72 mesh 
screen. The powder will be stored in polythene bags for further 
analysis. Notrogen, phosphorus, potassium and sulphur content 
will be estimated using standard methods, 
3o10o5.1 Digestion of samples 
The leaf powder will be kept at 70°G overnight before 
acid digestion according to the method of Lindner (1944) that 
is briefly described below. 
100 mg dried powder will be taken and carefully 
transferred to a 50 ml Kjeldahl flask. 2 ml concentrated 
sulphuric acid xvill be added. The digestion in the flask will 
be continued for about two hours. E^nse white fumes will be 
given off with the contents turning black. After cooling the 
flask for about 15 min, 0,5 ml of 30 per cent hydrogen peroxide 
will be poured down dropwise. The solution will be heated again 
till its colour changes from black to light yellow. It will 
take about 30 min. After heating, the flask will be allowed to 
cool for 10 min. To get clear and colourless extract, three 
or four drops of 30 per cent hydrogen peroxide will be added 
again, followed by a gentle heating for another 15 min. Hydrogen 
peroxide, at this stage, is added with utmost care because its 
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excess may oxidise ammonia in the absence of organic mat ter . 
The peroxide-digested mater ia l , a f t e r three or four washings 
with double d i s t i l l e d xi/ater, w i l l be t ransferred to a 100 ml 
volumetric f lask and the volume wi l l be made upto the mark. 
This f ina l ly digested mater ia l wi l l serve as a stock 
solut ion for the est imation of n i t rogen, phosphorus and 
potassium. The methods employed for the est imation of these 
elements are b r ie f ly described below, 
3.10,5.2 Nitrogen 
The est imation of ni t rogen in the samples wi l l be done 
according to the method of Lindner (1944). 
A 10 ml a l iquot of peroxide-digested mater ia l w i l l be 
taken in a 50 ml volumetric f lask and the excess of acid w i l l 
be neut ra l i sed with 2 ml of 2,5 N sodium hydroxide. To 
prevent t u r b i d i t y , 1 ml of 10 per cent sodium s i l i c a t e wi l l 
be added to the f lask and the volxime wi l l be made upto the mark, 
A 5 ml a l iquo t of t h i s so lu t ion wi l l be taken in a 10 ml 
graduated t e s t tube and 0,5 ml of Ness le r ' s reagent (Appendix) 
w i l l be added drop by drop, shaking thoroughly a f t e r adding 
each drop. The volume wi l l again be made upto the mark with 
the help of double d i s t i l l e d water. The t e s t tube v/ill be 
allowed to stand for 5 min for maximum colour development. This 
solu t ion wi l l then be taken in color imetr ic tube and the op t i ca l 
densi ty ( 0 , J , ) w i l l be measured a t 525 nm, A blank wi l l a l so 
be run simultaneously with each s e t , A standard curve of known 
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dilutions of ammonium sulphate solution will be plotted. The 
amount of nitrogen in the aliquot will be computed by comparing 
its reading with the standard calibration curve, 
3.10,5«3 Phosphorus 
The total phosphorus in the peroxide-digested samples 
will be estimated by the method of Fiske and Subba Row (1925). 
A 5 ml aliquot will be taken in a 10 ml graduated tube 
and 1 ml molybdic acid (Appendix) will be carefully added, 
followed by the addition of 0,4 ml 1-amino-2 naphthol-4-
sulphonic acid (Appendix) which will turn the colour of the 
content blue. Distilled water will be added to make the volume 
upto the mark and the solution will be allowed to stand for 
5 min. The solution v/ill then be transferred to a colorimetric 
tube and optical density will be read at 620 nm. A blank will 
also be inn simultaneously for each determination, A standard 
curve will be plotted by using known dilutions of monobasic 
potassium phosphate solution. The optical density of each 
sample will be compared with the standard calibration curve to 
determine its phosphorus content, 
3.10,5,'^  Potassium 
Potassium content of leaf samples will be estimated 
flame photometrically. A 10 ml peroxide aliquot will be taken 
and read on flame photometer using filter for potassium. A 
blank will also be run side by side. The readings will be 
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compared with a calibration curve plotted from known dilutions 
of a standard potassium sulphate solution, 
3.10.5.1 Sulphur 
The estimation of sulphur will be done by the method 
described in AOAG (Anonymous, 1970). About 1.5 - 2 g leaf 
powder will be taken in a nickel crucible and 5 g anhydrous 
sodium carbonate will be added and mix thoroughly with the 
help of a nickel or platinum rod. The mixture will be moistened 
with about 2 ml distilled water. Thereafter, 0,5 g sodium 
peroxide at a time will be added mixing thoroughly until the 
mixture becomes nearly dry and granular. The crucible will 
then be heated on an electric hot plate carefully, stirring 
occasionally until the contents fuse, 
After complete fusion, the crucible will be removed and 
allowed to cool down slightly and the hardened mass in the 
crucible will be covered with more sodium peroxide to a depth of 
about 5 mm. It will be heated gradually and finally at full 
heat until fusion again takes place. During heating, the 
crucible will be rotated occasionally to bring any particles 
adhering to side walls into contact with oxidising material. 
Heating will be continued for 10 min more after the complete 
fusion. After cooling slightly, crucible with its content v;ill 
be placed in a beaker and about 100 ml distilled water will be 
added carefully. In the begining a violent action will jake 
place. After that the material will be washed out of the 
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crucible and made slightly acidic by adding a few drops of 
hydrochloric acid. Finally, the content will be transferred 
to 3^0 ml volumetric flask diluted v/ith distilled water to 
volume and filtered, 
100 ml aliquot will be taken out and diluted to 200 ml 
with distilled water. Then 0,5 ml Wl will be added slov^ rly. 
The solution will be heated to boiling and 10 ml of 10 per 
cent barium chloride solution will be added drop by drop with 
constant stirring. Boiling will be continued for about 5 hours 
It v;ill be decanted through ashless paper ignited and weighed 
gooch. About 15-20 ml distilled water will be added to 
precipitate. The precipitate will be transferred on a filter 
paper and will be washed with boiling distilled water until 
filtrate is chlorine free. After thorough washing filtrate 
will be dried, filtered, ignited and weighed as barium sulphate. 
To calculate the amount of sulphur, the v/eight of barium 
sulphate will be multiplied by 0,137. 
3,10,6 Seed analysis 
The analysis of seed will be done in order to assess 
their quality in terms of oil content, acid value, iodine value, 
refractive index and saponification value of the oil, 
3.10,6,1 car'indlng 
Impurities larger in size than seed will be separated 
by passing the seeds through a sieve which will alloW only 
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seeds to pass through it. The fine dust will be removed through 
another sieve of smaller pores. Thereafter, grinding of the 
seeds will be done in a mechanical grinder until the formation 
of a fine meal. 
3.10.7 Detenainatlon of oil content 
20 g of ground seeds will be placed in a soxhlet 
apparatus to which sufficient quantity of petrolexim other will 
be added. The apparatus will be kept on a hot water bath 
running at 60°C for about 6h for complete extraction of oil. 
The petroleum ether alongwith the extracted oil will be 
evaporated and finally cool down while passing through reflux 
condenser. The extracted oil will be expressed as a percentage 
by mass of the seeds and will be calculated by the following 
formula s 
100 X m 
^o 
where, m i s the sum of the mass i n g of o i l ancLja^-s^^-tl^ 
i n g of seed sample. .-.•^. .--
3.10.7.1 Determination of acid value --f;\ ^ ^^^^'%^J 
The ac id va lue i s expressed a s number or%g*%f-polfassiijm 
hydroxide (KOH) r equ i r ed t o n e u t r a l i s e free ac id i n 1g of 
s u b s t a n c e . The fol lowing method w i l l be employed t o determine 
the ac id v a l u e , 
2g o i l w i l l be d i s so lved i n 50 ml so lven t mixture 
(Appendix) taken i n a 250 ml c o n i c a l f l a s k . Dissolved o i l w i l l 
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be titrated against 0.1 N KOH solution (Appendix) using 
phenolphthalein (Appendix) as an indicator. Number of ml of 
0,1 N KOH used will be noted. The acid value will be calculated 
by the following formula: 
Y X 0.00561 X 100 
Acid value = 
¥ 
where, Y is the number of ml of 0,1 N KOH required and W, 
the weight of oil (Anonymous, 1970). 
3.10,7.2 Determination of iodine value 
The iodine value of oil is expressed as the number of 
halogen absorbed by lOOg of oil and is denoted as the weight 
of iodine. It will be determined by iodine monochloride method, 
described briefly below. 
2g oil will be taken in a dry round necked flask and 10 
ml carbon tetrachloride and 20 ml iodine monochloride solution 
(Appendix) will be added. The flask will be stoppered and 
allowed to stand in a dark place for about 30 min. After that 
15 ml potassium iodide solution (Appendix) and 100 ml double 
distilled water will be poured down with constant shaking. 
Titration will be carried out with 0.1 N sodiiim thiosulphate 
solution (Appendix) using starch solution (Appendix) as an 
indicator. Number of ml of sodium thiosulphate solution will 
be noted (a). Side by side same operation will be carried out 
without the substance. The number of ml of sodium thiosulphate 
used in this titration will also be noted (b). Iodine value will 
be calculated, using the following formula: 
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(b - a) X 0.01269 x 100 
Iodine value = r^  
where, 'a' and *b^ are the number of ml of 0.1 N sodium 
thiosulphate used in both titr*ations, and 'W is the weight 
in g of oil taken (Anonymous, 1970). 
3.10.7.3 Determination of refractive index 
The refractive index of a medium is the ratio of the 
speed of light in vacuum to its speed in the medium. It will 
be determined by the following method. 
The temperature of the refractometer will be fixed at 
4o°C. Prism will be cleaned with the help of toluene and 
several drops of oil will be placed on the lower prism. 
Instrument will be allowed to stand for 1-2 minutes, after 
fixing the prism with the help of a refractometer. Finally 
the refractive index will be determined by adjusting the 
light and the instrument. 
Approximate temperature correction will be made by the 
following calculation: 
R = R' + K (T* - T) 
where, 
R = refractive index for the prescribed temperature (T) 
R' = refractive index at T' temperature 
T = prescribed temperature 
T' = temperature at which the reading R' is made 
K = 0,58 (Anonymous, 1973). 
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3.10.7.4 Determination of Saponification value 
The saponif icat ion value i s the number of mg of KOH 
required to neu t r a l i s e the fa t ty acids r e s u l t i n g from the 
hydrolysis of 1g of the o i l , 
2g o i l w i l l be v/eighed accurate ly and placed in a 
250 ml f lask . After adding 25 ml 0.5 N KOK (Appendix), the 
f lask wi l l be at tached v;ith reflux condenser and boiled on 
water bath for about one hour with frequent ro t a t i on of the 
contents of the f l a sk . The solut ion wi l l then be allov/ed to 
cool down and 1 ml phenolphthalein (Appendix) solut ion w i l l 
be added. The excess of a l k a l i wi l l be t i t r a t e d with 0,5 N ICl . 
The number of ml of 0,5N fCl used (x) (Appendix) wi l l be 
noted. The same operation v/ill be repeated again but without 
o i l and the number of ml of 0.5N HCl used (y) w i l l be noted. 
Saponification value w i l l be calculated by the 
following formula : 
saponif icat ion value = (Y"?^,) X 0.02805 x 1000 
W 
where W is the weight of oil (Anonymous, 1970), 
3.11 Statistical analysis 
All the experimental data v/ill be statistically analysed 
by adopting analysis of variance (ANOVA) technique with 
reference to the design of each experiment according to Panse 
and Sukhatme (1967). 'F' tests will be followed in which 
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the error due to replicates will also be determined. If 'F* 
value will be found to be significant at the 5 per cent level 
of probablity, critical difference (G.D.) will be calculated. 
The correlations between various parameters will also be worked 
out. 
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APPENDIX 
APPENDIX 
PREPARATION^ 0F_ REAGENTS 
Reagents for various biochemical determinations will 
be prepared according to the following methods? 
(1 ) Nessler's reagent 
3.5 g of potassium iodide will be dissolved in 100 ml of 
double distilled water. 4 per cent mercuric chloride solution 
v;ill be added with constant stirring until a slight red 
precipitate remains. Thereafter, 250 ml of 4.8 per cent NaOK 
solution will be mixed to the solution and volume will be 
made upto 1 litre with double distilled water. A little amount 
of mercuric chloride will be added imtil a permanent turbidity 
develops. The mixture will be decanted and kept in a brovm 
bottle. 
(2) Molybdic reagent (2.5?g) 
6.25 g of ammonium molybdate will be dissolved in 175 ml 
of double distilled water to which 75 ml of 10 N sulphuric 
acid will be added. 
(3) Aminonaphthol sulphonic acid 
0,5 g of 1 amino-2-naphthol-A-sulphonic acid will be 
dissolved in 195 ml of 15 per cent sodium bisulphite solution 
to which 5 ml of 20 per cent sodiiom sulphite solution will be 
added. The solution will be kept in a brov/n bottle at a 
cool place. 
ii 
(4) Hydrochloric acid (0.5 M HCl) 
H/drochloric acid (21.49 ml)vd.ll be mixed with 478.51 ml 
of double distilled water to get 500 ml of 0.5 N HCl. 
Normality of an acid = Percentage of acid x Specific /^ ravity^ Q^ 
Equivalent weight of acid 
(5) Iodine monochlorlde solution (ICI) 
Iodine (13 g) will be dissolved in a mixture of 300 ml 
of carbon tetrachloride and 700 ml of glacial acetic acid and 
the resulting solution will be divided into solutions A and B. 
To solution A (20 ml), 15 ml of potassium iodide and 100 ml 
of double distilled water will be added and titrated against 
0.1 N sodium thiosulphate solution (Na2S203), using starch 
as an indicator. Chlorine gas v/ill be passed through solution B 
until the amount of 0.1 N Na2S20, required for the titration 
will be? more than the double of that needed in solution A. 
(6) Phenolphthaleln solution 
Phenolphthalein (10 g) will be dissolved in 95 per cent 
ethanol and the volume will be made upto one litre. 
(7) Potassium hydroxide solution (0.1 N KOH) 
Potassium hydroxide (5.6 g) will be dissolved in 95 
per cent ethanol and the voliime will be made upto one litre. 
iil 
(8) Potassium hydroxide solution (0.5 N KOH) 
Potassium hydroxide (28 g) will be dissolved in 
95 per cent ethanol and the volume will be made upto one litre. 
(9) Petassium iodide solution (KI) 
Potassium iodide (150 g) v/ill be dissolved in double 
distilled water and the volume will be made upto one litre, 
(10) Sodium thiosulphate solution (0.1 N NapSpOg) 
Sodium thiosulphate (2^.8 g) will he dissolved in double 
distilled water and the volume will be made upto one litre. 
(11) Solvent mixture 
Ethanol (95 per cent) v/ill be mixed with diethyl ether 
in 1:1 ratio. This mixture of solvents v/ill be neutralised, 
just before use, by 0,1 N KOH solution using phenolphthalein 
solution as an indicator, 
(12) Starch solution 
Soluble starch (1 g) will be dissolved in 100 ml of 
boiling double distilled water. 
